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ABSTRACT 

As part of a program for the development of synthetic vaccines against the pathogen 
Shigella flaxneri, the conformational behavior of the 0-specific polysaccharide (O-SP) of S. 
Jlexnerl 5a and of four related synthetic pentasaccharide fragments was studied with a 
combination of NMR and molecular modeling methods. The NMR conformational analysis based 
on "H and ,3 C chemical shifts analysis, inter-residue distances evaluation as well as one- and 
three-bond heteronuclear coupling constants measurements shows that the conformation of one of 
the four related pentasaccharides closely mimics the conformational features of the native O-SP 

in S ° ,Uti0n - "nation Ef.TSA demonstrated that a protective ^, o na1 flmi Wv specific for - 

flexneri Sa shows a higher affinity for this p pntne ccharide when ^ rmweH with th» gthgg A 
complete conformational search was carried out on the pentasaccharides using the CICADA 
algorithm interfaced with MM3 force field. Boltzman-averaged inter-residue distances and V c ,„ 
coupling constants were calculated for the different conformational families and compared to 
data obtained by NMR on all pentasaccharides. Experimental data are consistent with only one 
conformational family. From these information.,. *« v »r»l mn ^ ls of th<t n .SP w e beetl h ,„ lr ^ rh 
the molecular builder POT.YS, Th* models in »<™™^ ^ th nmr H„t a gongigt of riont-h^ 
helices presenting the branched rhio osyl resid ue to w ar d the extern*. CT ,rf ace of tneir ^ Unii „ 
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INTRODUCTION 

Capsular polysaccharides (CPS) and lipopolysaccharides (LPS) of Gram-negative bacteria 
are known as important virulence factors as well as major targets of the host's immune response 
upon infection (1). The potential of CPSs as vaccine candidates against bacterial infections has 
been demonstrated in the early 30s, and several polysaccharide vaccines such as those targetting 
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Blockwise approach to fragments of the O-specific polysaccharide of Shigella flexneri 
serotype 2a: Convergent synthesis of a decasaccharide representative of a dimer of the 

branched repeating unit 1 



ABSTRACT 



Introduction 



Shigellosis or bacillary dysentery is a worldwide disease, occurring in humans only, caused 
by organisms of the genus Shigella. Responsible for an estimated 200 million cases annually, 
Shigella is increasingly resistant to antimicrobial drugs. Shigellosis is a priority target as 
defined by the World Health Organization since this disease is a major cause of mortality in 
developing countries, especially among children under 5 years of age and in the 
immunocompromised population. 3 AIthough no vaccine is yet available against shigellosis, 
several programs targeting the eradication of this bacterial infection are under 
development, with emphasis on vaccination strategies involving either live attenuated 
strains of Shigella 4 or acellular vaccines based on lipopolysaccharide (LPS) antigens and 
derivatives thereof. 5 Of particular interest in the later approach is the design of 
glycoconjugate vaccines based on the use of detoxified LPS. Indeed, there is evidence that 
natural and experimental infections with Shigella confer type-specific immunity 6 which 
points to the O-specific polysaccharide (O-SP) moiety of the LPS as the target antigen of the 
host's protective immune response to infection. Besides, data show that significant levels of 
pre-existing antibodies specific for the O-SP correlate with a diminished attack rate of 
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shigeUosis. 7 Furthermore, it was recently demonstrated in field trials that protein 
conjugates of detoxified LPS provided protection to human volunteers against infections 
caused by S. sonnet} As was particularly emphasized in the case of S. dysenteriae type 1, 
conjugates incorporating oligosaccharide fragments of the native bacterial polysaccharides 
may be even more immunogenic than their counterparts made of the detoxified LPS. 9 

Of most concern amongst the different species of Shigella, is S. flexneri serotype 2a, the 
prevalent infective agent responsible for the endemic form of the disease. 10 Indeed, major 
efforts from different laboratories including the development of conventional 
polysaccharide-protein conjugates," aim at the development of a vaccine against the disease 
associated with this particular serotype. In parallel, a program aimed at the design of 
chemically defined glycoconjugate vaccines based on the use of synthetic fragments of the 
O-SP of & flexneri 2a, is under development in this laboratory. We adopted a rational 
approach, involving a preliminary study of the interaction between the bacterial O-SP and 
homologous protective monoclonal antibodies. 

A B E C D 

2)-a-L-RhaM1^2)-a-L-Rhaj>(1^3Ma^^ 

The O-SP of S. flexneri 2a is a heteropolysaccharide defined by the pentasaccharide 
repeating unit I. 12 - 13 It features a linear tetrasaccharide backbone, which is common to all S. 
flexneri O-antigens and comprises a W-acetyl glucosamine and three rhamnose residues, 
together with an a-D-glucopyranose residue branched at position 4 of one of the rhamnoses. 
Besides the known methyl glycoside of the EC disaccharide, 14 ' 15 a set of di- to 
pentasaccharides 16 " 18 and more recently an octasaccharide 19 representative of fragments of 
5*. flexneri 2a O-SP have been synthesized recently. The use of these compounds as 
molecular probes for mapping at the molecular level the binding characteristics of a set of 
protective antibodies against S. flexneri 2a infection indicated that access to larger 
oligosaccharides would help the characterization of the carbohydrate antigenic 
determinants. For this purpose, methodologies allowing a straightforward access to S. 
flexneri 2a oligosaccharides of larger size are under study in this laboratory. We now report 
the synthesis of the first decasaccharide in the series, namely the D'A'B^E^C'DAB^C 
fragment, which was prepared as its methyl glycoside (1). 
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Results and discussion 



Considering its dimeric nature, a convergent synthetic strategy to the target 1 was 
con S1 dered. Indeed, retrosynthetic analysis, supported by previous work in the field, 19 - 22 
indicated that disconnections at the C-D linkage, thus based on two DAB(E)C branched 
pentasaccharides corresponding to a frame-shifted repeating unit 1, would be the most 
advantageous (Scheme 1). Such a strategy would involve a pentasaccharide acceptor easily 
denved from the known methyl glycoside 2" or from the corresponding »-acetylated 
analogue 3 and a pentasaccharide donor bearing a 2-O-acyl protecting group at the 
reducing residue (C) in order to direct glycosylate towards the desired stereochemistry 
Depending on the nature of the 2-^acyI group in residue D, the latter could derive from the 
allyl glycosides 4 or 5. Besides, bearing in mind that the major drawbacks of the linear 
synthesis of pentasaccharide 2 reported so far" dealt with the selective deblocking of key 
hydroxyl groups to allow further chain elongation, we describe herein various attempts at a 
convergent synthesis of the fully protected DAB(E)C pentasaccharide as its methyl (2, 3) or 
allyl (4, S) glycosides. Precedents concerning a related serotype of S.Jlexneri have indicated 
that disconnection at the D-A linkage should be avoided. 2 '- 22 However to our knowledge 
d lS connection at the B-C or A-B linkages was never attempted in the series. Both routes 
were considered in the following study. The nature of the repeating unit 1 indicated that any 
blockwise synthesis involving such linkages would rely on donors lacking any participating 
group at position 2 of the reducing residue, thus the relevance of this strategy may be 
questioned. Nevertheless, although p-glycoside formation was observed occasionally, 23 the 
good a-stereoselectivity reported on several occasions in the literature for glycosyiation 
reactions based on mannopyranosyl 2 ^ and derivatives such as perosaminyl 26 - 27 £cf 
KQVACJ or rhamnopyranosyl donors that were either glycosylated at C-2 28 or blocked at 
this position with a non participating group, 29 encouraged the evaluation of the above 
mentioned block strategies. To follow up the work developed thus far in the S. flexneri 2a 
series, emphasis was placed on the use of the use of trichloroacetimidate (TCA) chemistry. 30 
Strategy based on the disconnection at the A-B linkage (Scheme 1, route a): Such a strategy 
involves the coupling of suitable DA donors to an appropriate B(E)C acceptor. Taking into 
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account the glycosylate chemistry, two sets of disaccharide building blocks (6, 7 8) easily 
^obtained from known monosaccharide precursors which were readily available by standard 
■ protecting group/activation strategies, were selected (Scheme I). Thus, condensation of the 
allyl rhamnopyranoside 14, » as precursor to residue A, with the glucosaminyl 
tnchloroacetimidate 16, 32 as precursor to residue D, was performed in the presence of a 
catalytic amount of TMSOTf to give the fully protected disaccharide 17 (99%). Selective 
deallylatton of 17 proceeded in two steps involving (i) iridium(I)-catalysed isomerisation of 
the allyl glycoside into the corresponding 1-O-propenyl glycoside 33 and (ii) hydrolysis of the 
latter. • The resulting hemiacetal 18 (8 1 %) was converted into the trichloroacetimidate 6 
(78%) by treatment with trichloroacetonitrile in the presence of a catalytic amount of DBU 
(Scheme 2). Knowing from previous experience that conversion of the 2 D -trichloro acetyl 
moxely into the required 2 D -tf-acetyl group could be somewhat low-yielding, we took 
advantage of the blockwise approach to perform the above mentioned transformation at an 
early stage in the synthesis. Thus, the disaccharide intermediate 17 was converted to the 
corresponding 19 (90%) upon overnight treatment with a saturated ammonia methanolic 
soiut,on and subsequent peracetylation. Conversion of 19 into the hemiacetal 20 (69%), and 
next into the required trichloroacetimidate donor 7 (86%), followed the procedure 
described above for the preparation of 6 from 17. Where glycosylate is concerned, the 
b,fimctional role of thioglycosides as protected acceptors and masked donors is highly 
appreciated.^ Thus, the thiophenyl disaccharide 8 was considered as a possible 
alternative to the use of the more reactive trichloroacetimidates 6 and 7. It was synthesized 
in 97% yield by condensing the known thiophenyl rhamnopyranoside 15, 36 and 16 in the 
presence of a catalytic amount of TMSOTf. To fulfil the requirements of the synthesis of 1 
two different trisaccharide building blocks were used, namely cither the known methyl 
glycoside 9 17 or the corresponding allyl glycoside 10, obtained from the known 2 B -0- 
acetylated trisaccharide 42 (see below and Scheme 5).' 8 Condensation of the trisaccharide 
acceptor 9 and the trichloroacetimidate donor 6 was attempted under various conditions of 
solvent, temperature and promoter. The a-linked condensation product, ie the known 
pentasaccharide 2,' 7 was at best isolated in 41% yield providing that the glycosylation 
reaction was run in acetonitrile in the presence of acatalytic amount of TMSOTf following 
the inverted procedure protocol 37 - 38 in order to minimize the degradation of the donor 
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Although the a-selectivity of the glycosylate reaction was good, yields of pentasaccharide 
remained low, and, as anticipated, use of the alternate trichloroacetimidate donor 7 to give 
3 did not result in any improvement (not described). Rearrangement of the activated donor 
into the corresponding inert trichloroacetamide was observed previously in glycosylation 
reactions based on trichloroacetimidate donors lacking a participating group at position 2 
of the reducing residue.^/) Although the expected side-product was not isolated in any of 
the attempted glycosylation with 6 or 7, it was anticipated that the use of an alternate 
glycosylation chemistry would prevent such side-reaction, and possibly favour the 
condensation. However, reaction of thiophenyl donor 8 and acceptor 10 in the presence of 
W-iodosuccinimide and catalytic triflic acid did not prove any better as it resulted in 
mixtures of products from which the target 4 was isolated in very low yield, 10% at best. 
This strategy was thus not considered any further. 

Strategy based on the disconnection at the B-C linkage (Scheme J. route b): It was hypothesized 
that the good a-selectivity, but poor yields, of the condensation of the various DA donors 
with the B(E)C acceptors 9 and 10 might result from the poor nucleophilicity of the axial 
hydroxyl at position 2 B . Thus, we next turned to the 3 c -OH as a possible elongation site in 
the design of a block synthesis of pentasaccharide 5. Considering such a disconnection 
approach suggests the use of a DAB trisaccharide donor for coupling to an EC disaccharide 
acceptor. As the target pentasaccharide should serve as an appropriate donor in the 
construction of 1, we reasoned that an acyl participating group had to be present at its 
position 2c. Thus, two 2c-0-acylated EC building blocks, 11 or 12, were considered. In 
order to avoid any unnecessary deprotection step at the pentasaccharide level, the 
trisaccharide 13, bearing an acetamido functionality at position 2 D , was selected as the 
donor. Indeed, as it involves the less readily available EC structure in fewer synthetic steps 
and does not rely on selective deprotection at the 2 A position, this path was found 
particularly attractive. Again, it relies on the use of appropriately functionalized known 
monosaccharide intermediates. 

The known key di-rhamnoside core structure 23 39 was formed by glycosylation of the allyl 
rhamnoside 21(in fact 14) with the trichloroacetimidate donor 22 40 in the presence of a 
catalytic amount of TMSOTf. It should be pointed out that using diethyl ether as the 
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solvent, the isolated yield of 23 was 92%, which compares favourably with those obtained 
previously, 60% and 76.2%, 39 when running the reaction in dichloromethane under 
promotion by TMSOTf or BF 3 .OEt 2 » respectively. De-0-acetylation under Zemplen 1 
conditions afforded the 2 A -0-unprotected acceptor 24 21 in quantitative yield. 
As shown previously in the construction of the DA intermediate 17, the Mtrichloroacetyl 
trichloroacetimidate 16 appears to be a highly suitable precursor to residue D when 
involved in the formation of the p-GlcNAc linkage at the poorly reactive 2 A position. 
Indeed, reaction of 16 with the acceptor 24 in 1,2-dichloroethane in the presence of 
TMSOTf went smoothly and gave the trisaccharide 26 in 96% yield. However, conversion 
of the N-trichloroacetyl group to the jV-acetyl derivative 27 was rather less successful as the 
desired trisaccharide was obtained in only 42 % yield when treated under conditions that 
had previously been used in the case of a related oligosaccharide (sodium methoxide, Et 3 N, 
followed by re-WO-acetylation). 17 This result led us to reconsider the protection pattern of 
the glucosamine donor. The N-tetrachlorophthalimide group has been proposed as an 
alternative to overcome problems associated with the widely spread phthalimido procedure 
when introducing a 2-acetamido-2-deoxy-p-D-giucopyranosidic linkage. 41 Thus, the N- 
tetrachlorophthalimide trichloroacetimidate donor 25 was selected as an alternative. It was 
prepared as described from commercially available D-glucosamine, 42 apart from in the final 
imidate formation step, where we found the use of potassium carbonate as base to be more 
satisfactory than DBU. Glycosylation of 24 with 25 in the presence of TMSOTf resulted in 
the trisaccharide 28 in 65% yield. The tetrachlorophthaloyl group was then removed by the 
action of ethylenediamine, and subsequent re-N.O-acetylation gave the trisaccharide 27 in 
65% yield. The latter was next converted into the donor 13 in two steps, analogous to those 
described for the preparation of 6 from 17. Indeed, de-0-allylation of 27 cleanly gave the 
hemiacetal 29 (83%), which was then activated into the required trichloroacetimidate 
(94%). It is worth menlioning that although they involve a different D precursor, both 
strategies give access to the intermediate 27 in closely related yields, 40 and 42%, 
respectively. 

Initial attempts to form the pentasaccharide 5 from 13 and the previously described 
acceptor ll 18 in the presence of TMSOTf as promoter were rather unsuccessful, resulting in 
at best 17% of the desired product, accompanied by decomposition of the donor into the 
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hemiacetal 29 (75%). Using BF 3 .OEt 2 as the promoter in place of TMSOTf, reaction of 11 
with 13 at room temperature provided 5 in 44% yield, with the acceptor 11 and hemiacetal 
29 also recovered in 54 and 29% yield, respectively. We considered that the poor reactivity 
of the acceptor was responsible for these results, as the ,3 C NMR of 13, showing several 
distorted signals (notably ???), suggests that there is considerable steric hindrance around 
the position 3 C . For that matter, the 2c-0-acetylated disaccharide 12 was considered as an 
alternate acceptor. Analogously to the preparation of 11, it was obtained from the known 
diol 30 through regioselective opening of the intermediate orlhoester. However, coupling of 
the potentially less hindered acceptor 12 and the trisaccharide donor 13 resulted, at best, in 
the isolation of the condensation product 31 in 42% yield (not described). 
The modest yield of 1 obtained by this route made the alternative reaction path (Scheme 4) 
worth investigating, despite the more numerous synthetic steps required. Indeed, it was 
found rather appealing when evaluated independently in a closely related series 
(unpublished results). By this route, a tetrasaccharide acceptor can be formed from two 
disaccharide building blocks (EC and AB), and coupled with an appropriate 
monosaccharide donor as precursor to D. Considering that selective deprotection of the 2 A 
hydroxyl group would occur in the course of the synthesis, glycosylate attempts were 
limited to the 2-O-benzoylated acceptor 11. The disaccharide donor necessary for this path 
could be derived from the building block 24, already in hand. The choice of temporary 
protecting group at position 2 A was determined by our experience of the stepwise synthesis 
of the corresponding methyl pentasaccharide, 17 where we noted that an acetate group at 
this position may not be fully orthogonal to the benzoate located at position 2 C . The chosen 
group had also to support removal of the anomeric allyl group and the subsequent 
conversion to the trichloroacetimidate. At first, a chloroacetate group was anticipated to 
fulfil these requirements. Thus, the disaccharide 24 was treated with chloroacetic anhydride 
and pyridine to give the derivative 32 (57%). Anomeric deprotection to give the hemiacetal 
33 (84%) and subsequent trichloroacetimidate activation of the latter into the donor 34 
(83%) were performed in the same way as before. Coupling of 11 with 34, carried out in the 
presence of TMSOTf at -40°C, yielded a complex mixture of products. When the 
temperature was lowered to -60°C, the condensation product 38 could be isolated in 22% 
yield. The a-stereoselectivity of the glycosylate was ascertained from the value of the 1 J CJI 
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coupling constant at C-1 B which was XX Hz. 43,44 (A faire?) Alternative donor protection 
was attempted. Treatment of 24 with /7-methoxybenzyl chloride and sodium hydride gave 
the fully protected derivative 35 (97%), which was cleanly converted into the 
trichloroacetimidatc donor 37 (82%) in two steps involving the hemiacetal intermediate 36 
(73%). Glycosylation of 11 with 37 in the presence of TMSOTf at -40°C gave the desired 
tetrasaccharide 39 in 44% yield. Again, the stereochemistry of the newly created linkage 
was ascertained based on the l Jc,u heteronuclear coupling constants. When the temperature 
was lowered to -60°C, the yield of 39 fell to 34% and a second major product 40 (21 %) was 
observed in the mixture. Indeed, examination of the NMR spectra of this product revealed 
that the pMeOBn group had been lost. That 40 was the acceptor required for the next step 
brought the estimated yield of condensation to 55%. Nevertheless, the overall outcome of 
this blockwise strategy did not match our expectations, and this route was abandoned. 

Linear strategy to the fully protected pentasaccharide 4: As preliminary studies have 
demonstrated, rapid access to suitable building blocks allowing the synthesis of higher- 
order oligosaccharides representative of fragments of the O-SP of & flexneri 2a remains a 
challenge. Major conclusions drawn from our studies favour the design of a linear synthesis 
of the target 4. Indeed, when put together with our previous work, such as the synthesis of 
tetrasaccharide 41 (95%) 17 or that of trisaccharide 42 (97%), 18 all the above described 
attempted couplings outlined the loss of efficiency of glycosylation reactions involving 
rhamnopyranosyl donors glycosylated at position 2 in comparison to those involving the 
corresponding acetylated donor. Thus, matching the linear strategy of the methyl 
pentasaccharide 2 described previously, 17 a synthesis of 4, based on donors bearing a 
participating group at 0-2, was designed. Three key building blocks were selected. These 
were the readily accessible EC disaccharide acceptor 11 benzoylated at C-2 as required for 
the final condensation step leading to the fully protected decasaccharide intermediate; the 
rhamnopyranosyl trichloroacetimidate 22, which serves as a precursor to residues A and B, 
and bears a both temporary and participating group at position 2; and the 
trichloroacetamide glucosaminyl donor 16 as a precursor to residue D. As stated above, 
coupling of 11 and 22 gave 42 in high yield. As observed in the methyl glycoside series, 17 de- 
O-acetylation using MeONa or methanolic HC1 was poorly selective. Although, 
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guanidine/guanidinium nitrate was proposed as a mild and selective G-deacetylation 
reagent compatible with the presence of benzoyl protecting groups, 45 none of the conditions 
tested prevented partial debenzoylation leading to diol 43, as confirmed from mass 
spectroscopy and NMR analysis (cf Anne-Lanre). The required alcohol 10 was readily 
obtained in an acceptable yield of 84% yield by a five-day acid catalysed methanolysis, 
using HBF 4 in diethyl ether/methanol, 17 - 46 of the fully protected intermediate 42 (Scheme 5). 
Repeating this two-step process using 10 as the acceptor and 22 as the donor resulted first 
in the intermediate 44 (90%), and next in the tetrasaccharide acceptor 40 (84%). 
Glycosylation of the latter with 16 gave the fully protected pentasaccharide 4 in high yield 
(98%), thus confirming that the combination of the trichloroacetamide participating group 
and the trichloroacetimidate activation mode in 16 results in a potent donor to be used as a 
precursor to residue D in the S. flexneri series, where low-reactive glycosyl acceptors are 
concerned. Following the above described procedure, selective anomeric deprotection of 4 
furnished the hemiacetal 45 which was smoothly converted to the trichloroacelimidate 
donor 46 (66% from 4). From these data, the linear synthesis of 4, truly benefiting from the 
use of 22 as a common precursor to residue A and B, appears as a reasonable alternative to 
the block syntheses which were evaluated in parallel. 

Synthesis of the target decasaccharide 1: Having a pentasaccharide donor in hand, focus was 
next placed on the synthesis of an appropriate pentasaccharide acceptor. In our recent 
description of the convergent synthesis of the B'(E')C'DAB(E)C octasaccharide, 19 the 
pentasaccharide 48, bearing a 4 D ,6 D -0-isopropylidene protecting group, was found a most 
convenient acceptor which encouraged its selection in the present work. Briefly, 48 was 
prepared in two steps from the known 2. Thus, mild transesterification of 2 under Zeraplen 
conditions allowed the selective removal of the acetyl groups to give triol 47, which was 
converted to the required acceptor 48 (72% from 2) upon subsequent treatment with 2,2- 
dimethoxypropane. Relying on previous optimisation of the glycosylation step, 19 the 
condensation of 48 and 46 was performed in the presence of a catalytic amount of triflic 
acid. However, probably due to the closely related nature of the donor and acceptor, the 
reaction resulted in an inseparable mixture of the fully protected 49 and the hemiacetal 45 
resulting from partial hydrolysis of the donor. Most conveniently, acidic hydrolysis of the 
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mixture, allowing the selective removal of the isopropylidene group in 49, gave the 
intermediate diol 50 in a satisfactory yield of 72'Zo for the two steps. According to the 
deprotection strategy used for the preparation of the closely related octasaccharide 19 diol 
50 was engaged in a controlled de-O-acylation process upon treatment with hot methanolic 
sodium methoxide. However, partial cleavage of the trichloroacety! moiety, leading to an 
inseparable mixture, was observed which prevented further use of this strategy Indeed it 
was assumed that besides being isolated and therefore resistant to Zemplen transacetylation 
conditions, the 2 c -0-benzoyl groups were most probably highly hindered which 
contr.buted to their slow deprotection. Alternatively, 50 was submitted to an efficient two- 
step ,n-house process involving first, hydrogenolysis under acidic conditions which allowed 
the removal of the benzyl groups and second, basic hydrochlorination which resulted in the 
conversion of the tf-trichloroacctyl groups into the required tf-acetyl ones, thus affording 
51. Subsequent transesterification gave the final target 1 in 37% yield from 50. 

CONCLUSION 

The decasaccharide 1, corresponding to two consecutive repeating units of the O-Ag of S. 
flexmri 2a was synthesized successfully based on the condensation of two key 
pentasaccharide intermediates, the donor 46 and acceptor 48. Several routes to these two 
building blocks were investigated, involving either blockwise strategies or a linear one. The 
latter was the preferred one based on yields of condensation and the number of steps. 
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General methods 



Optical rotations were measured for CHC1 3 solutions at 25°C, expect where indicated 
otherwise, with a Perkin-Elmer automatic polarimeter, Model 241 MC. TLC were performed 
on precoated slides of Silica Gel 60 F 2S4 (Merck). Detection was effected when applicable, 
with UV light, and/or by charring in 5% sulfuric acid in ethanol. 

Preparative chromatography was performed by elution from columns of Silica Gel 60 (particle 
size 0.040-0.063 mm). For all compounds the NMR spectra were recorded at 25°C for 
solutions in CDCI3, on a Bruker AM 400 spectometer (400 MHz for 'H, 100 MHz for ,3 C). 
External references : for solutions in CDCI3, TMS (0.00 ppm for both 'H and ,3 C). Proton- 
signal assignments were made by first-order analysis of the spectra, as well as analysis of 2D 
'H-'H correlation maps (COSY) and selective TOCSY experiments. Of the two magnetically 
non-equivalent geminal protons at C-6, the one resonating at lower field is denoted H-6a and 
the one at higher field is denoted H-6b. The ,3 C NMR assignments were supported by 2D 13 C- 
'H correlations maps (HETCOR). Interchangeable assignments are marked with an asterisk in 
the listing of signal assignments. Sugar residues in oligosaccharides are serially lettered 
according to the lettering of the repeating unit of the O-SP and identified by a subscript in the 
listing of signal assignments. Fast atom bombardment mass spectra (FAB-MS) were recorded 
in the positive-ion mode using ditWoeiyttiridol/dithio-L-mreitol (4 :1, MB) as the matrix, in 
the presence of Nal, and Xenon as the gas. Anhydrous DCM, 1,2-DCE and Et 2 0, sold on 
molecular sieves were used as such. 4 A powder molecular sieves was kept at 100°C and 
activated before use by pumping under heating at 250°C. 

Phenyl (3A6-trl-0-acetyl-2Hleoxy-2-trlchloroacetamido-P-D-glucopyranosylHl->2)- 
(3,4-di-O-benzyH-thio-a-L-rhamnopyranosIde) (8). A mixture of alcohol 15 (0.12 g, 0.27 
mmol) and imidate 16 (0.245 g, 0.41 mmol) in anhydrous DCM (10 mL) was stiired for 15 
min under dry ar. After cooling at 0°C, Me 3 SiOTf (28 pi) was added dropwise and the 
mixture was stirred for 0.5 h. Triethylamine (60 pL) was added and the mixture was 
concentrated. The residue was eluted from a column of silica gel with 4:1 cyclohexane-EtOAc 
to give 8 (227 mg, 97 %) as a colorless foam; [a] D -63° (c 1, CHCI3). >H NMR (CDCI3): 8 
7.10-7.40 On. 15H, Ph), 6.73 (d, 1H, = 8.5 Hz, NH D ), 5.47 (d, 1H, 7 U = 1.2 Hz, H-1 A ), 
5.07 (dd, 1H, J 2 , 3 = J 3A = 10.0 Hz, H-3 D ), 4.99 (dd, 1H, = 10.0 Hz, H-4d), 4.80-4.55 (m, 
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4H, Ctf 2 Ph), 4.52 (d, 1H, J U2 = 8.2 Hz, H-1 D ), 4.13-3.95 (m, 2H, J 5 , 6 = 5.3 Hz, y 6a , f)b = 12.2 
Hz, H-6a D , 6b D ), 4.10 (m, IH, 7 4 .s - 9.5 Hz, J s , 6 - 6.1 Hz, H-5 A ), 4.00 (dd, 1H, - 3.0 Hz, 
H-2 A ), 3.99 (m, 1H, H-2 D ), 3.77 (dd, 1H, J 3A = 9.4 Hz, H-3 A ), 3.50 (m, 1H, H-5 D ), 3.39 (dd, 
1H, H-4 A ), 1.90, 1.93, 1.95 (3s, 9H, OAc), 1.23 (d, 3H, H-6 A ). ,3 C NMR (CDC1 3 ):5 171.1, 
170.9, 169.6, 162.1 (C=0), 127-138 (Ph), 102.1 (C-1 D ), 92.7 (CC1 3 ), 87.4 (C-1 A ), 81.3 (C-4 A ), 
80.5 (C-Sa), 79.1 (C-2 A ), 76.4, 74.1 (CH 2 Ph), 72.4 (C-5 D ), 72.4 (C-3 D ), 69.8 (C-5 A ), 68.7 (C- 
4 D ), 62.3 (C6 D ), 56.2 (C-2 D ), 21.0, 20.9, 20.8 (3C, OAc), 18.1 (C-6 A ). FABMS of 
C4oH44CI 3 NO, 2 S (M, 867), m/z 890 ([M+Na] + ). Anal. Calcd for C 4 oH4 4 Cl 3 NOt 2 S : C, 55.27 ; 
H, 5.10 ; N, 1.61. Found C, 55.16 ; H, 5.18 ; N, 1.68. 



AJlyl (3,4,6-tri-0-acctyl-2-deoxy-2-trichIoroacetamido-P-D-gIucopyranosyl)-(l->2H3,4- 
di-O-benzyl-a-L-rhamnopyranoside) (17). A mixture of alcohol 14 (1.86 g, 4.86 mmol) and 
imidate 16 (3.85 g, 6.47 mmol) in anhydrous CH 3 CN (80 mL) was stirred for 15 min under 
dry At. After cooling at 0°C, Mc 3 SiOTf (46 uL) was added dropwise and the mixture was 
stirred for 0.5 h. Triethylamine (150 uL) was added and the mixture was concentrated. The 
residue was eluted from a column of silica gel with 7:3 cyclohexane-EtOAc to give 17 (4.0 g, 
99 %) as a white solid; [a] D -3° (c 1, CHC1 3 ). 'H NMR (CDC1 3 ):6 7.18-7.32 (m, 10H, Ph), 
6.70 (d, 1H, y 2 , NH = 8.4 Hz, NH D ), 5.78-5.82 (m, IH, All), 5.05-5.20 (m, 2H, All), 5.00 (m, 
2H, / 2i3 =y 3 , 4 =^,5 = 9.5 Hz, H-3 D , 4 d ), 4.45-4.75 (m, 4H, CH 2 Ph), 4.76 (d, lH,y 1<2 - 1.1 Hz, 
H-1 A ), 4.60 (d, IH, J ia = 8.5 Hz, H-1 D ), 4.05-4.15 (m, 2H, J 5fi = 4.8 Hz, / 6a . 6b - 12.2 Hz, H- 
6aD, 6b D ), 3.98 (m, IH, H-2 D ), 3.90 (m, 2H, All), 3.86 (dd, IH, J 23 = 3.2 Hz, H-2a), 3.81 (dd, 
IH, J 3A = 9.5 Hz, H-3 A ), 3.62 (m, IH, = 9.5 Hz, J Sfi = 6.1 Hz, H-5 A ), 3.50 (m, IH, H-5 D ), 
3.32 (dd, IH, H-4 A ), 1.93, 1.97, 2.02 (3 s, 9H, OAc), 1.24 (d, 3H, H-6 A ). I3 C NMR (CDC1 3 ):8 
171.0, 170.9, 169.6, 162.1 (CO), 117.1-138.5 (Ph, All), 101.8 (C-1 D ), 98.5 (C-1 A ), 92.6 
(CC1 3 ), 81.4 (C-4 A ), 80.4 (C-3 A ), 77.1 (C-2 A ), 75.9, 74.1 (CH 2 Ph), 72.7 (C-3 D ), 72.5 (C-5 n ), 
68.6 (C-4 D ), 68.3 (C-5a), 68.1 (All), 62.3 (C-6 D ), 56.1 (C-2 n ), 21.1, 20.9, 20.9 (OAc), 18.2 
(C-6 A ). FABMS of C 37 H44Cl 3 NO, 3 (M, 815), m/z 838 ([M+Na]*). Anal. Calcd for 
C 3 7H44Cl 3 NO, 3 : C, 54.39 ; H, 5.43 ; N, 1.71. Found C, 54.29 ; H, 5.45 ; N: 1.72. 

(3,4,6-trl-0-acetyl-2-deoxy-2-trichIoroacetamido-P-D-glucopyranosyl)-(l->2H3,4-di-0- 
benzyl-o-L-rhamnopyranose) (18). 1 ,5-Cyclooctadiene- 

bis(methyldiphenylphosphine)iridium hexafluorophosphate (120 mg, 140 nmol) was 
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dissolved tefrahydrofuran (10 mL), and the resulting red solution was degassed in an argon 
stream. Hydrogen was then bubbled through the solution, causing the colour to change to 
yellow. The solution was then degassed again in an argon stream. A solution of 17 (1.46 g, 
1.75 mmol) in tetrahydrofuran (20 mL) was degassed and added. The mixture was stirred at rt 
overnight. The mixture was concentrated. The residue was taken up in acetone (27 mL), and 
water (3 mL) was added. Mercuric bromide (949 mg, 2.63 mmol) and mercuric oxide (761 
mg, 3.5 mmol) were added to the mixture, protected from light. The mixture was stirred for 2 
h at rt, then concentrated. The residue was taken up in CH 2 Cl 2 and washed three times with 
sat. aq. KI, then with brine. The organic phase was dried and concentrated. The residue was 
purified by column chromatography (Cyclohexane-AcOEt 4:1) to give 18 (1.13 g, 81 %) as a 
white foam. [cc] D +4° (c 1, CHC1 3 ). 'H NMR (CDC1 3 ):8 7.05-7.35 (m, 10H, Ph), 6.74 (d, 1H, 
y2.Ni. - 8.5 Hz, NH D ), 5.10 (d, 1H, J ia = 1.1 Hz, H-1 A ), 5.02 (m, 2H, = J Xi - As = 95 Hz, 
H-3 D , 4 d ), 4.50-4.80 (m, 4H, Cff 2 Ph), 4.61 (d, 1H, 7 U = 8.5 Hz, H-1 D ), 4.08-4.15 (m, 2H, J 5jC> 
- 4.5 Hz, JU„ = 12.3 Hz, H-6a D , 6b D ), 4.00 (m, 1H, H-2 D ), 3.90 (dd, 1H, / 2 . 3 - 3.3 Hz, H-2 A ), 
3.86 (dd, 1H, J iA m 9.5 Hz, H-3a), 3.85 (m, 1H, J 4S = 9.5 Hz, J 5A = 6.2 Hz, H-5a), 3.50 (m, 
1H, H-5 D ), 3.30 (dd, 1H, H-4 A ), 2.85 (d, IH, J UOH = 3.5 Hz, OH), 1.94, 1.97, 2.02 (3s, 9H, 
OAc), 1.23 (d, 3H, H-6 A ). ,3 C NMR (CDCI 3 ):S 171.1, 170.0, 169.6, 162.1 (C=0), 127.1-138.5 
(Ph), 101.7 (C-1 D ), 94.1 (C-1 A ), 92.6 (CC1 3 ), 81.4 (0-4,0, 79.9 (C-2 A ), 77.3 (C-3 A ), 75.9, 74.1 
(CH 2 Ph), 72.7 (C-3 D ), 72.5 (C-5 D ), 68.6 (C-4 D ), 68.4 (C-5/0, 62.2 (C-6 U ), 56.1 (C-2 D ), 21.1. 
21.0, 20.9 (OAc), 18.3 (C-6a). FABMS of C^HmjCIjNO^ (M, 775), m/z 789 ([M+Na] + ) ; 
Anal. Calcd for C^CfeNOut C, 52.55 ; H, 5.19 ; N, 1.80. Found C, 52.48 ; H, 5.37 ; N, 
1.67. 

(3,4,6-tri-0-acetyl-2-deoxy-2-rrichloroacetamido-P-D-glucopyranosyl)-(l->2)-3,4-di-0- 
benzyl-cc-L-rhamnopyranose trichloroacetimidate (6). The hemiacetal 18 (539 mg, 0.68 
mmol) was dissolved in CH 2 C1 2 (50 mL), placed under argon and cooled to 0°C. 
Trichloroacetonitrile (0.6 mL, 6.8 mmol), then DBU (10 nL, 70 junol) were added. The 
mixture was stirred at 0°C for 30 min. The mixture was concentrated and toluene was co- 
cvaporatcd from the residue. The residue was eluted from a column of silica gel with 7:3 
cyclohexane-EtOAC and 0.2 % of Et 3 N to give 6 (498 mg, 78 %) as a colourless foam; [a] D - 
18° (c 1, CHC1 3 ). 'H NMR (CDC1 3 ):5 8.48 (s, 1H, N=H), 7.15-7.40 (m, 10H, Ph), 6.75 (d, 1H, 
Anh - 8.5 Hz, NH D ), 6.18 (d, 1H, 7 U - 1.1 Hz, H-l A ), 5.15 (dd, 1H, J 2 , 3 = J iA = 9.5 Hz, H- 
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3d), 5.07 (dd, 1H, J 4<5 = 9.5 Hz, H-4 D ), 4.50-4.82 (m, 4H, Ctf 2 Ph), 4.62 (d, 1H, /, 2 = 8.5 Hz 
H-1 D ), 4.03-4.20 (m, 2H, J St(> = 4.5 Hz, J te , b = 12.3 Hz, H-6au, 6b u ), 3.98 (m, IH, H-2 D ), 3.85 
(m, IH, As = 9.5 Hz, J 5fi = 6.2 Hz, H-5,0, 3.84 (dd, 1H, 7 W = 3.3 Hz, H-2 A ), 3.83 (dd, IH, 
J M = 9.5 Hz, H-3 A ), 3.5S (m, IH, H-5 D ), 3.45 (dd, tH, H-4,0, 1.93, 1.96, 1.98 (3s, 9H, OAc), 
1.23 (d, 3H, H-6 A ). 13 C NMR (CDC1 3 ):8 171.1, 170.0, 169.6, 162.1 (C=0), 127.2-138.4 (Ph)' 
101.7 (C-1 D ), 97.2 (C-l A ), 92.6 (CC1 3 ), 80.5 (C-4 A ), 79.1 (C-3 A ), 76.2 (C-2 A ), 76.2, 74 1 
(CH 2 Ph), 74.4 (C-3 D ), 74.1 (C-5 D ), 71.3 (C-5 A ), 68.6 (C-4 D ), 62.3 (C-6 D ), 56.3 (C-2 D ), 21.1 
21.0, 20.9 (3C, OAc), 18.2 (C-6 A ). Anal. Calcd for C^oCl^O.a: C, 46.93 ; H, 4.38 ; N, 
3.04. Found C, 46.93 ; H, 4.52 ; N, 2.85. 

Allyl < 2 -acetamido-3A^tri-^ 

benzyl-a-L-rhamnopyranoside) (19). A mixture of the protected disaccharide 17 (3.0 g, 3.61 
mmol) in MeOH (50 mL) was cold to 0*C and treated by NH 3 gaz overnight. The solution was 
concentrated and the residue (2.02 g) was dissolved again in MeOH (50 mL) and treated by 
Ac 2 0 (3.98 mL, 36.1 mol). The solution was stirred for 2 h and then concentrated. The residue 
was eluted from a column of silica gel with 95:5 DCM-EtOAC to give the intermediate triol 
which was dissolved in Pyridine (5 mL), cold to 0°C and treated by Ac a O (2.4 mL). The 
nuxture was stirred overnight and concentrated. The residue was eluted from a column of 
silica gel with 3:2 cyclohexane-EtOAC to give 19 (2.3 g, 90 %) was obtained as a colourless 
foam. [cc] D -12° (c 1, CHC1 3 ). >H NMR (CDC1 3 ):8 7.18-7.32 (m, 10H, Ph), 5.70-5.80 (m, IH 
All), 5.40 (d, lH,y 2iN „ = 8.1 Hz, NH), 5.10-5.20 (m, 2H, All), 4.96 (dd, IH, J 3A = J 4S = 9.5 
Hz, H-4 D ), 4.90 (dd, IH, J w = 9.5 Hz, H-3 D ), 4.52-4.76 (m, 4H, C// 2 Ph), 4.80 (d, IH, J } 2 = 
1.2 Hz, H-1 A ), 4.46 (d, IH, J ia = 8.5 Hz, H-1 D ), 4.02-4.10 (m, 2H, J 5fi = 4.7 Hz, Jfc» = 11 2 
Hz, H-6 an , 6b D ), 3.92 (m, IH, H-2„), 3.87 (m, 2H, All), 3.86 (dd, IH, y„ = 3.5 Hz, H-2 A ) 
3.82 (dd, IH, J M - 9.5 Hz, H-3 A ), 3.62 (m, IH, 7 44 = 9.5 Hz, J» = 6.2 Hz, H- 5a ), 3.52 (m 
IH, H-5 D ), 3.30 (dd, IH, H-4 A ), 1.92, 1.94, 1.98 (3 s, 9H, OAc), 1.26 (d, 3H, H-6 A ). I3 C NMR 
(CDC1 3 ):8 171.1, 171.0, 170.3, 169.6 (OO), 117-138 (Ph, All), 103.4 (C-1 D ), 98.5 (C-1 A ) 
81.3 (C-4 A ), 80.4 (C-3 A ), 78.5 (C-2 A ), 75.9, 73.9 (OfePh), 73.6 (C-3 D ), 72.4 (C-5 D ). 68.7 (C- 
4 D ), 68.2 (C-5 A ), 68.1 (All), 62.5 (C-6 D ), 54.5 (C-2 D ), 23.4 (AcNH), 21.2, 21.1, 21.0 (OAc) 
18.1 (C-6 A ). FABMS of C 37 H4 7 NO,3 (M, 713.3), m/z 736.2 ([M+Naf) Anal. Calcd for 
C37H 47 NO,3: C, 62.26 ; H, 6.64 ; N, 1.96. Found C, 62.12 ; H, 6.79 ; N, 1.87. 
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(2-aeetamido-3,4,6-tri-0-acetyl-2-deo^ 

u-rhamnopyranose) (20). l,5-Cyclooctadiene-bis(methyldiphenyIphosphine)iridi^ 
hexafluorophosphate (10 mg, 12 \imol) was dissolved tetrahydrofuran (10 mL), and the 
resulting red solution was degassed in an argon stream. Hydrogen was then bubbled through 
the solution, causing the colour to change to yellow. The solution was then degassed again in 
an argon stream. A solution of 19 (830 mg, 1.16 mmol) in tetrahydrofuran (40 mL) was 
degassed and added. The mixture was stirred at it overnight The mixture was concentrated. 
The residue was taken up in acetone (90 mL), and water (10 mL) was added. Mercuric 
chloride (475 mg, 1.75 mmol) and mercuric oxide (504 mg, 2.32 mmol) were added to the 
mixture, protected from light. The mixture was stirred for 2 h at rt, then concentrated. The 
residue was taken up in CH 2 C1 2 and washed three times with sat. aq. KI, then with brine. The 
organic phase was dried and concentrated The residue was purified by column 
chromatography (Cyclohexane-AcOEt 3:7) to give 20 (541 mg, 69 %) as a white foam; [oc] D 
4-16° (c 1, CHC1 3 ).' H NMR (CDCl 3 ):6 7.05-7.35 (m, 10H, Ph), 5,50 (d, 1H, Anh - 8.2 Hz, 
NH D ), 5.22 (d, 1H, J,. 2 = 1.1 Hz, H-l A ), 5.06 (dd, 1H, J 3A - / 4 ,s - 9.5 Hz, H-4 D ), 5.00 (dd, 1H, 
7 2 3 - 9,5 Hz, H-3 D ), 4.60-4.85 (m, 4H, C// 2 Ph), 4.56 (d, 1H, J u - 7.0 Hz, H-1 D ), 4.13-4.22 
(m, 2H, J 5 .6 - 4.5 Hz, J 6&tbb - 12,3 Hz, H-6a D , 6b D ), 4.03 (m, 1H, H-2 D ), 4.00 (m, 1H, y 4 ,s - 
9.5 Hz, J 5 . 6 « 6.2 Hz, H-5a), 3.96 (dd, 1H, J 2l 3 - 3.3 Hz, H-2 A ), 3,90 (dd, 1 H, J 2A - 9.5 Hz 7 H- 
3 A ), 3.60 (m, 1H, H-5 D ), 3.48 (d, IH, A %0 n = 3.5 Hz, OH), 3.40 (dd, 1H, H-4 A ), 2.01, 2.03, 
2.08 (3s, 9H, OAc), 1.65 (s, 3H, AcNH), 1.30 (d, 3H, H-6a), ,3 C NMR (CDC1 3 ):5 171.2, 
171.0, 170.4, 169.6 (OO), 128,0-138.2 (Ph), 103.3 (C-lo), 94.1 (C-1a), 81.4 (C-4a), 79.9 (C- 
2 A ), 78 J (C-3 A ), 75.8, 73.9 (CH 2 Ph), 73.6 (C-3 D ), 72.4 (C-5 D ), 68.7 (C-4 D ), 68.2 (C-S A ), 62.4 
<C-6 D ), 54.5 (C-2 D ), 23.3 (AcNH), 21.1, 21.0, 21.0 (3C, OAc), 18.3 (C-6 A ). FABMS of 
C34H43NO13 (M, 673.2), m/z 696.3 ([M+Na]*) Anah Calcd for C34H43NO13: C, 60,61 ; H, 
6.43 ; N, 2.08. Found C, 60.46 ; H, 6.61 ; N, 1.95. 

(2-acetamido-3,4,6-tri-0-acetyl-2-deo 

rhamnopyranose trichloroacetimidate (7). The hemiacetal 20 (541 mg, 0.80 mmol) was 
dissolved in CH 2 C1 2 (20 mL), placed under argon and cooled to 0°C. Trichloroacetonitrile 
(0.810 mL, 8 mmol), then DBU (10 ^L, 80 }xmo\) were added. The mixture was stirred at 0°C 
for 1 h. The mixture was concentrated and toluene was co-evaporated from the residue. The 
residue was eluted from a column of silica gel with 1:1 cyclohexane-EtOAC and 0.2 % of 
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Et 3 N to give 7 (560 mg, 86 %) as a colourless foam; [a] D +2° (c 1, CHC1 3 ). *H NMR 
(CDCb):6 8.56 (s, 1H. N-H), 7.20-7.50 (m, 10H, Ph), 6.29 (d, IH, J ia = 1.3 Hz, H-1 A ), 5.50 
(d, IH, J 2 .nh = 8.3 Hz. NH D ), 5.17 (dd, 1H, / 2 , 3 - J 3A - 9.5 Hz, H-3 D ), 5.09 (dd, 1H, J AS = 9.5 
Hz, H-4 D ), 4.60-4.85 (in, 4H, C/f 2 Ph), 4.68 (d, lH,./,, 2 = 8.0 Hz, H-l D ), 4.10-4.22 (m, 2H, J 5 , 6 
- 5.0 Hz, Ji^ob = 12.2 Hz, H-6a D , 6b D ), 4.00 (m, 1H, H-2 D ), 3.99 (dd, 1H, J u = 3.5 Hz, H-2 A ), 
3.90 (m, IH, - 9.6 Hz, J s>6 = 6.2 Hz, H-5 A ), 3.89 (dd, 1H, J iA = 9.5 Hz, H-3a), 3.62 (m, 
1H, H-5 D ), 3.50 (dd, 1H, H-4a), 1.98, 2.00, 2.02 (3s, 9H, OAc), 1.65 (s, 3H, AcNH), 1.32 (d, 
3H, H-6 A ). ,3 C NMR (CDC1 3 ):8 171.2, 171.0, 170.4, 169.6 (0=0), 160.5 (C=NH), 128-138 
(Ph), 1033 (C-lo), 97.3 (C-l A ), 91.4 (CC1 3 ), 80.3 (C-4a), 79.9 (C-3 A ), 77.5 (C-2a), 76.0, 73.8 
(2C, CH 2 Ph), 73.1 (C-3 D ), 72.2 (C-5 D ), 71.1 (C-5a), 68.8 (C-4 D ), 62.5 (C-6 D ). 54.8 (C-2 D ), 
23.3 (AcNH), 21.4, 21.1, 21.0 (3C, OAc), 18.4 (C-6 A ). Anal. Calcd for C 3 <sH4 3 Cl 3 N 2 Oi 3 : C, 
52.85 ; H, 5.30 ; N, 3.42. Found C, 52.85 ; H, 5.22 ; N, 3.47. 

Ally! (2-0-acetyl-3,4-di-0-benzyl-a-L-rhamnopyranosyl)-(l->2H3,4-di-0-benzyl-o-L- 
rharanopyranoside) (23). The acceptor 21 (1.78 g, 4.65 tnmol) and the trichloroacetimidate 
donor 22 (2.96 g, 5.58 mmol) were dissolved in anhydrous ether (100 mL). The mixture was 
placed under argon and cooled to -55°C. TMSOTf (335 nL, 1.86 mmol) was added dropwise. 
The mixture was stirred at -55°C to -20°C over 3 h. Triethylamine (0.75 mL) was added, and 
the mixture was allowed to warm to rt. The mixture was concentrated. The residue was 
purified by column chromatography (solvent x, 80 :20) to give 23 as a colourless syrup (3.21 
g, 92 %) ; [<x] D -16° (c 0.55, CHCI3). 'H NMR (CDCI 3 );8 7.30-7.42 (m, 20H, Ph), 5.82-5.92 
(m, 1H, All), 5.62 (dd, 1H, J xx - 1.6 Hz, = 3.2 Hz, H-2 A ), 5.20-5.32 (m, 2H, All), 5.07 (d, 
1H, H-1 A ), 4.82 (d, 1H, J u - 1.0 Hz, H-1 B ), 4.60-4.95 (m, 8H, C/7 2 Ph), 4.15-4.20 (m, 1H, 
All), 4.09 (d, 1H, J 2J - 3.0 Hz, H-2 B ), 4.05 (dd, 1H, J 3A - 9.4 Hz, H-3 A ), 3.95-4.05 (m, 1H, 
All), 3.96 (dd, 1H, / 3 , 4 - 9.5 Hz, H-3„), 3.89 (m, 1H, J A , S - 9.5 Hz, J 5fi - 6.3 Hz, H-5 A ), 3.76 
(dd, IH, J43 - 9.5 Hz, J SA = 6.2 Hz, H-5 B ), 3.52 (m, 1H, H-4 B ), 330 (m, IH, H-4 A ), 2.18 (s, 
3H, OAc), 1.39 (d, 3H, H-6a), 1.36 (d, 3H, H-6 B ). ,3 C NMR (CDC1 3 ):8 170.8 (C=0), 117.1- 
138.4 (Ph, All), 99.5 (C-1 A ), 98.4 (C-1 B ), 80.5 (2C, C-4 A , 4 B ), 80.0 (C-3 B ), 78.1 (C-3 A ), 75.8, 
75.7 (CH 2 Ph), 74.9 (C-2 B ), 72.5, 72.2 (CH 2 Ph), 69.3 (C-2 A ), 68.6 (C-5 A ), 68.4 (C-5 B ), 68.0 
(All), 21.5 (OAc), 18.4, 18.2 (2C, C-6 A , 6 B ). CI-MS for C4 S Hs 2 O, 0 (M = 752) m/z 770 [M + 
NH4] 1 . Anal. Calcd. for C 4 sH 52 O, 0 : C, 71.79 ; H, 6.96. Found C, 70.95 ; H, 7.01. 
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/ Allyl (3,4-di-0-benzyl-o-L-rliamnopymnosyI)-(l ->2)-(3,4-di-0-benzyl-o>L- 

rbamnopyranoside) (24). A 1M solution of sodium methoxide in methanol (1.1 mL) was 
added to a solution of 23 (3.10 g, 4.13 mmol) in methanol. The mixture was stirred at rt for 3 
h. The mixture was neutralised with Amberlite IR-120 (H + ) resin, filtered and concentrated to 
give 24 (2.72 g, 93%) as a colourless syrup which crystallised on standing ; mp 98-99°C ; [a] D 
-30° (c 0.5, CHC1 3 ). l H NMR (CDC1 3 ):8 7.30-7.42 (m, 20H, Ph), 5.80-5.90 (m, 1H, All), 
5.20-5.32 (m, 2H, All), 5.13 (d, 1H, = 1.4 Hz, H-1 A ), 4.82 (d, 1H, J u = 1.6 Hz, H-1 B )! 
4.60-4.95 (m, 8H, Ctf 2 Ph), 4.12-4.20 (m, 1H, All), 4.19 (m, 1H, J w = 3.2 Hz, J 2m = 1 .8 Hz, 
H-2a), 4.09 (d, 1H, Jb = 3.2 Hz, H-2 B ), 3.95-4.00 (m, 1H, All), 3.95 (dd, 1H, J 1A = 9.4 Hz, 
H-3 A ), 3.93 (dd, 1H, Jy A = 9.4 Hz, H-3 B ), 3.87 (m, 1H, J 4J5 = 9.4 Hz, J s , 6 = 6.2 Hz, H-5a), 3.74 
(dd, IH, = 9.4 Hz, Jy 6 = 6.2 Hz, H-5 B ), 3.53 (m, 1H, H-4 A ), 3.46 (m, 1H, H-4 B ), 2.52 (d, 
1H, OH), 1.35 (m, 6H, H-6a, 6 b ). ,3 C NMR (CDC1 3 );8 117.1-138.4 (Ph, All), 101.2 (C-1 A ), 
98.4 (C-1 B ), 80.8, 80.4 (2C, C-4 A , 4b), 80.3 (C-3 B ), 80.0 (C-3 A ), 75.8, 75.7 (CH 2 Ph), 75.0 (C- 
2 B ), 72.7, 72.6 (CH 2 Ph), 69.1 (C-2 A ), 68.4 (C-5 B ), 68.3 (C-5a), 68.1 (All), 18.4, 18.3 (2C, C- 
6 A , 6 B ). CI-MS for C 43 Hso0 9 (M = 710) m/z 728 [M + NH 4 ] + . 



Allyl (3^MH-04>enzyl-2-a-paramethoxybenzyl-^L-rhamnopyninosyl)-(l->2H3,4-di-0- 
benzylHX-i^rhamnopyranoside) (35). The alcool 24 (3.8 g, 5.35 mmol) was dissolved in 
DMF (25 mL). The mixture was cold to 0°C and NaH (320 mg, 8.02 mmol) was added in 3 
parts each 10 nun. Then pMeOBnCl (1.8 mL, 13.34 mmol) was added and the mixture was 
stirred overnight at rt. MeOH (5 mL) was added and the solution stiired for 10 min. The 
solution was concentrated and the residue was eluted from a column of silica gel with 95:5 
cyclohexane-acetone to give 35 (4.34 g, 97 %) as a colorless syrup; [a] D -8° (c 1, CHC1 3 ). 'H 
NMR (CDC1 3 ):8 6.80-7.20 (m, 24H, Ph), 5.80-5.90 (m, 1H, AH), 5.15-5.30 (m, 2H, All), 5.12 
(d, 1H, J I>2 < 1.0 Hz, H-1 A ), 4.73 (d, 1H, J u < 1.0 Hz, H-1 B ), 4.40-4.70 (m, 10H, PhCH 2 ), 
4.08-4.20 (m, 1H, All), 4.10 (dd, IH, = 3.0 Hz, H-2 B ), 3.88-3.95 (m, 3H, H-3 A , 3 B , All)! 
3.78-3.80 (m, 2H, J 4 .s = 9.4 Hz, J Sj6 = 6.1 Hz, H-2a, 5 A ), 3.72 (s, 3H, OCH 3 ), 3.70 (m, 1H, J <s 
= 9.4 Hz, J 5A = 6.1 Hz, H-5 B ), 3.61 (dd, 1H, H-4 A ), 3.32 (dd, IH, H-4 B ), 1.18 (d, 3H, H-6 A ), 
1.10 (d, 3H, H-6 B ). ,3 C NMR (CDC1 3 ):8 1 13.8-133.9 (Ph, AU), 99.0 (C-1 A ), 97.8 (C-l B ), 80.4 
(C-4 A ), 80.2 (C-4 B ), 80.0 (C-3 B ), 79.0 (C-3 A ), 75.2, 72.3, 71.8, 71.5, 71.3, 67.5 (PhCH 2 , All), 
^4.1 (C-2 A ), 73.8 (C-2 B ), 68.3 (C-5 A ), 67.8 (C-5 B ), 55.0 (OCH 3 ), 17.8, 17.9 (2C, C-6 A , 6 B ). 
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FAB-MS for C^sO.o (M = 830.4) m/z 853.5 [M + Naf. Anal. Calcd. for C 51 H S8 O, 0 : C, 
73.71 ; H, 7.03. Found C, 73.57 ; H, 7.21 . 

(S^-dN^benzyl^-O-paramethoxybenzyl^L-rhamnopyranosylHl^HS^i-O- 
benzyl-o-L-rhamnopyranose) (36 ). 1,5-Cyclooctadicne- 

bis(memylmphenylphosphme)iridium hexafluorophosphate (50 mg, 60 umol) was dissolved 
tetrahydrofuran (6 mL), and the resulting red solution was degassed in an argon stream. 
Hydrogen was then bubbled through the solution, causing the colour to change to yellow. The 
solution was then degassed again in an argon stream. A solution of 35 (4.23 g, 5.09 mmol) in 
tetrahydrofuran (24 mL) was degassed and added. The mixture was stirred at rt overnight. 
The mixture was concentrated. The residue was taken up in acetone (45 mL), and water (5 
mL) was added. Mercuric chloride (2.07 g, 7.63 mmol) and mercuric oxide (2.2 g, 10.2 mmol) 
were added to the mixture, protected from light The mixture was stirred for 2 h at rt, then 
concentrated. The residue was taken up in CH 2 C1 2 and washed three times with sat. aq. Kl, 
then with brine. The organic phase was dried and concentrated. The residue was purified by 
column chromatography (Cyclohexane-AcOEt 4:1) to give 36 (2.97 g, 73 %) as a white foam; 
[a] D +8- (c 1. CHClj). 'H NMR (CDC1 3 ):8 7.25-7.40 (m, 20H, Ph), 6.73-7.18 (m, 4H, Ph)! 
5.12 (d, 1H, Jfc < 1.0 Hz, H-1 A ), 5.05 (d, 1H, J, a < 1.0 Hz, H-1 B ), 4.40^.80 (m, 10h! 
PhCH 2 ), 4.08 (dd, 1H, J 2t3 = 3.0 Hz, H-2 B ), 3.80-3.90 (m, 2H, J M - jfc = 9.5 Hz, J 5A = 6.1 
Hz, H-3 B , 5 B ), 3.78-3.80 (m, 2H, 7 2f3 = 3.1 Hz, J 4 j = 9.4 Hz, J Sfi = 6.1 Hz, H-2 A , 5 A ), 3.73 (m, 
1H, J M = 9.4 Hz, H-3 A ), 3.72 (s, 3H, OCH 3 ), 3.60 (dd, 1H, H-4^, 3.33 (dd, 1H, H-4 B ), 1.34 
(d, 3H, H-6a), 1.24 (d, 3H, H-6 B ). ,3 C NMR (CDC1 3 ):6 113.2-129.8 (Ph), 99.1 (C-1 A ), 93.8 
(C-1 B ), 80.7 (C-4,0, 80.3 (C-4 B ), 79.7 (C-3 B ), 79.2 (C-3 A ), 75.5, 75.4, 72.6, 72.5, 72.4, 
(PhCH 2 ), 74.2 (C-2 A ), 74.1 (C-2 B ), 68.5 (C-5 A ), 68.1 (C-5 B ), 55.3 (OCH 3 ), 18.1 (2C, C-6 A , 
6 B ). FAB-MS for C<& S4 O l0 (M = 790.4) m/z 813.4 [M + Na] + . Anal. Calcd. for C4 8 H 54 0,o : 
C, 72.89 ; H, 6.88. Found C, 72.86 ; H, 6.98. 

(3,4-di-<?-benzyl-2-0-paramethoxybenzyl-a-L-rhamnopyranosylHl-->2)-3^-di-0^ 
benzyl-a-L- rhamnopyranosc trichloroacetimidate (37). The hemiacetal 36 (2.1 g, 2.66 
mmol) was dissolved in CH 2 C1 2 (20 mL), placed under argon and cooled to 0°C. 
Trichloroacctonitrile (2.7 mL, 26 mmol), then DBU (40 pX, 0.26 mmol) were added. The 
mixture was stirred at 0°C for 30 min. The mixture was concentrated and toluene was co- 
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evaporated ftom the residue. The residue W as eht,ed ft™ . of , ilica ge , ^ ,. 2 

cyoiohexane-EtOAC and 0. 2 % B, lN » give ,7 (2.03 g. ,2 %, as a access foam; Mo . 10 . 
(a ., CHCU. 'H NMR (CDCb):8 8.50 (a, ,H. C-NH,. 7.05-7.25 (tn, 20H, Ph), 6.62-7.05 <tu, 

2!?; * '"-^ " 3 -° * * «• «-3a, 2. 3. 5,0. 3. 2- 

MO * 1H. H-5.). 3.72 fc 3H, OCH,>. 3.63 (dd. ,H. J,,-J v - M Hz , H-4a), 3.42 (dd, 
H, - y 4J . „ Hz, H-4b), 1.30 (d, 3H. H-6 0 ). 1 .25 (d. 3H, H-6*,. NMR (CDC1 3 >: S 

(2C C-3„ 3e), 75.7, 75.5, 72.8, 72.3, 72.0, (PhOU), 74.4 (C-2,0. 72.6 (C-2 bX 71 I (C-5.) 

5 82 9 VtiV ^ ,8 -' ^ ^ * ™U„ - C. 64ll £ 

5.82; N, 1 .50. Found C, 64.67 ; H, 6.01 ; N, 1 .28. 

A%l (3,4-d^b..^2^ lc a^^ llamom , B ^ WI ^ H3H ^ 
►w*-^^ (3J , To a mixture of 24 (3.8 fe 5.35 ^, in pyridine^!, « 

0 C. MeOH (10 m ™ added and the tnixhtre ™ coneenftatcd. The residue « ehned 
ftotn a eolunu, ofaflioa gel with 9 5 i5 eyetohexa^oeto™ U, give 32 (2.4 g, 57 %) as a 
eolorless syrup; («]„ -15- (a 1, CHC1,). 'H NMR (CDC1 )W 7.15-7.30 (ra , 20H Ph) 5 71 

« 4T0 ,H - yu " " * * " " «^» * i i 

2H ^; 402 ; ,„ ™ (m ' 8ft PhCH!) - 465 (d - ** < 10 ■* «-"»• * 

; t 8l l ; 3,93 (dd ' ,H ' Aj ' 30 *■ h - 2b) - 388 (dd - - 95 

(m, 1H, y„ - M Hz, y M - 6.2 Hz, H-5A 3.34 (dd, !H. H-4a). 3.30 (dd, 1H, H-4 A ) ■ 22 (d 
™' ^^ "^COa,, ,66.9(00,, 1,72- 38. ^ ; , J ' 

^ r 7 4 ^ r <c ^ 8M (c - 3o,! 802 ( ^ 779 »* ™ ™> £ 

CC^t T/"t 2 (C " 2A)l 68 6 68 4 (C - S °'- 68 0 <** Wflk .8.3 

cl ao c C,5Hi ' C,0, ° ^ 7863) ' ^ 80 " ([M+N ^- «- f« 

C«H s ,aO I0 : C, 68,65 ; H, 6.53. Found C, 68.51 ; H, 6.67. 

xTTT <33> " '^'^^"^Phosphine^diunr 
he J caftuorophoapha te (40 m& « ^ wa8 ^ ^ 



LMPP 1 Oexp-brevet-decaOMe 



CA 02434668 2003-07-07 



resulting red solution was degassed in an argon stream. Hydrogen was then bubbled through 
the solution, causing the colour to change to yellow. The solution was then degassed again in 
an argon stream. A solution of 32 (2.39 g, 3.04 mmol) in tetrahydrofuran (18 mL) was 
degassed and added. The mixture was stirred at rt overnight. The mixture was concentrated 
The res.due was taken up in acetone (30 mL), and water (5 mL) was added. Mercuric chloride 
(1.24 g, 4.56 mmol) and mercuric oxide (1.3 g, 6.08 mmol) were added to the mixture 
protected from light. The mixture was stirred for 2 h at rt, then concentrated. The residue was 
taken up m CH 2 C1 2 and washed three times with sat. aq. KI, then with brine. The organic 
Phase was dried and concentrated. The residue was purified by column chromatography 
(Cyclohexane-AcOEt 4:1) to give 33 (1.91 g, 84 •/,) as a white foam. [a] D -2- (c 1, CHC1 3 ) 
H NMR (CDC1 3 ):8 7.10-7.40 (m, 20H, Ph), 5.49 (dd, 1H, ./ t , 2 = 1.7 Hz, J 2 , = 3 2 Hz H-2 A ) 
4.99 (d, 1H, J XA < 1.0 Hz, H-1b), 4.90 (d, 1H, H-l.), 4.45-4.85 (m, 8H, PhCH 2 ), 4.01 '(m, 2H 
CH 2 C1), 3.93 (dd, 1H, y 2 , = 3.0 Hz, H-2 B ), 3.90 (dd, 1H, J 3A = 9.3 Hz, H-3 A ), 3.84 (dd, 1H 
J 3 , = 9.0 Hz, H-3 B ), 3.81 (m, 1H, J 4J5 = 9.0 Hz, J 5fi = 6.2 Hz, H-5 B ), 3.72 (m, 1H, J 45 = 9 5 
H^, 6 = 6.2Hz,H.5 A ),3.33(dd, 1H, H-4 B ), 3.30 (dd, 1H, H-4 A ), 2.81 (d, lH,./, OH = 3.4Hz, 
OH), 1.22 (d, 3H, H-6 A ), 1.20 (d, 3H, H-6 B ). " C NMR (CDC1 3 ):S 167.0 (C=0), 127 2-138 5 

7 ?6 939 (C " 1b) ' 803 iCA * 8o - 2 79j 778 ™> ™- 

72.6, 72.4 (PhCH.), 75.0 (C-2 B ), 71.1 (C-2.), 68.6 (C-5 A ). 68.4 (C-5 B ), 41.3 (CH 2 C1), 18.1 
(2C C-6 A , 6 B ). FABMS of C^IO.o (M, 746.3), m/z 769.3 ([M+Naf). Anal. Calcd for 
C42H4 7 C10,o: C, 67.51 ; H, 6.34. Found C, 67.46 ; H, 6.39. 

(3,4Mli-0-benzyI- 2 -a^^^ 

rhamnopyranose trichloroacetimidate (34). The hemiacetal 33 (1.80 g, 2.41 mmol) was 
d,sso.vedmCH 2 Cl 2 (25m^^ 

mL, 24 mmol), then DBU (35 uL, 0.24 mmol) were added. The mixture was stirred at 0<>C for 
40 mm. The mixture was concentrated and toluene was co-evaporated from the residue. The 
rescue was eluted from a column of silica gel with 4:1 cyclohexane-EtOAC and 0.2 % Et 3 N 
to give 34 (1.78 g, 83 %) as a colourless foam; [a] D -12° (c 1, CHC, 3 ). »H NMR (CDC1 3 ) S 
•60 (s 1H C=NH), 7.30-7.50 (m. 20H, Ph), 6.21 (d, 1H, y, 2 = Kg Hz, H-1 B ), 5.63 (dd, 1H, 
Aa - 1.5 Hz, y 2J = 3.2 Hz, H-2 A ), 5.07 (d, 1H, H-1 A ), 4.65-5.00 (m, 8H, PhCH 2 ) 4 19 (m 

h Tf l i' ?: cdd - ,H> * = " hz - 4 -° 4 <*• * - - : 

3H, H-3 A , 5 A , 5 B ), 3.58 (dd, 1H, H-4 A ), 3.48 (dd, 1H, H-4 B ), , .39 (m, 6H, H-6 A , 6 B ). »C NMR 
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(CDCI 3 ):8 167.1 (C=0), 160.7 (C=N), 127.0-138.3 (Ph), 99.4 (C-1 A ), 97.5 (C-1 B ), 91.4 
(CC1 3 ), 80.1 (C-4 B ), 80.0 (C-4 A ), 79.2 (C-3 A ), 77.9 (C-3 B ), 75.9, 75.8, 73.0, 72.6 (PhCH 2 ), 
73.7 (C-2 B ), 71.4 (C-2 A ), 71.2, 68.9 (2C, C-5 A , 5 B ), 41.3 (CH 2 C1), 18.4, 18.2 (2C, C-6 A , 6 B ). 
Anal. Calcd for C 4 4H47CUNO l0 : C, 59.27 ; H, 5.31 ; N, 1.57. Found C, 59.09 ; H, 5.49 ; N, 
1.53. 



Allyl (3A6-tri-0-ace<yl^^eoxy-2.trichloroacetamido-p-D.glucopyranosyI)-(l->2H3,4- 
di-0-benzyl-a-L-rhamnopyranosyl).(1^2)-3,4-di^-benzylKX-Whamnopyranoside (26). 
1,2-Dichloroethane (35 mL) was added to the trichloroacetimidate donor 16 (2.49 g, 4.20 
mmol), the acceptor 24 (2.48 g, 3.50 mmol) and 4A-MS powder (4 g). The mixture was 
stined for 1.5 h at rt under argon. The mixture was cooled to -20°C and TMSOTf (230 uL, 
1.26 mmol) was added. The temperature was allowed to rise to 0°C over 1 h, and the mixture 
was stirred for an additional 2 h at this temperature. Triethylamine (0.5 mL) was added and 
the mixture was allowed to warm to rt. The mixture was diluted with CH 2 C1 2 and filtered. 
The filtrate was concentrated. The residue was purified by column chromatography with 3 :1 
cydohexane-AcOEt to give 26 (3.83 g, 96 %) as a colourless amorphous solid ; [a] D (c 
0.5, CHC1 3 ). 'H NMR (CDCI3) : 6 7.28-7.52 (m, 20H, Ph), 6.83 (d, 1H, J 2 , m = 8.4 Hz, NH), 
5.85 (m, 1H, All), 5.09-5.26 (m, 4H, H-3 D , 4* All), 4.98 (d, 1H, J u = 1.4 Hz, H-1 A ), 4.58- 
4.98 (m, 10H, H-1 B , 1 D , Ctf 2 Ph), 4.08 (m, 4H, H-2 A , 2 D , 6ao, All), 3.91 (m, 5H, H-2 B . 3 A , 3 B , 
6b D , All), 3.79 (m, 2H, H- 5a , 5 H ), 3.45 (m, 3H, H-4 A , 4 B , 5 D ), 1.97, 2.02, 2.04 (3s, 9H. OAc), 
1.30 (m, 6H, H-6 A , 6 B ). ,3 C NMR (CDC1 3 ) : 6 170.6, 170.3, 169.1, 163.2, 161.6 (C=0), 138.4- 
117.1 (Ph, All), 101.3 (C-1 D ), 100.9 (C-1 A ), 97.6 (C-1 B ), 92.0 (CC1 3 ), 80.9, 80.4 (2C, C-4 A , 
4 B ), 79.1, 79.0 (2C, C-3 A , 3 B ), 77.3 (C-2 A ), 76.5 (C-2 B ), 75.4, 75.2, 73.6 (CH 2 Ph), 72.2 (C- 
3 D ), 71.9 (C-5 D ), 71.6 (CH 2 Ph), 68.2 (C-5 B *), 67.8 (C-4 D ), 67.5 (C-5 A *), 67.5 (CH 2 0), 61.3 
(C-6 D ), 55.7 (C-2 D ), 20.5 (OAc), 17.9, 17.7 (2C, C-6 A , 6 B ). FAB-MS for C^CbNOn (M = 
1141.3) m/z 1166.3, 1164.3 [M + Naf. Anal. Calcd. for C^ClaNO,,: C, 59.87 ; H, 5.82 ; 
N, 1.22. Found C, 59.87 ; H, 5.92 ; N, 1.16. 

Allyl <3A6-tri-a-acetyl-2-deoxy^ 
(3,4-di-O-benzyl-a-L-rt^^ 

(28). Anhydrous ether (30 mL) and CH 2 CI 2 (15 mL) were added to the trichloroacetimidate 
donor 25 (3.34 g, 4.66 mmol), the acceptor 24 (2.20 g, 3.10 mmol). The mixture was cooled 



LMPPlOexp-brevet-dccaOMe 



CA 02434668 2003-07-07 



to 0°C and TMSOTf (85 jiL, 0.466 mmol) was added dropwise. The mixture was stirred at 
0°C for 1 h, then at rt for 3 h. Triethylamine (1 mL) was added and the mixture was stirred for 
10 min., then concentrated. The mixture was taken up in ether and the resulting precipitate 
was filtered off. The filtrate was concentrated. The residue was purified by column 
chromatography with 7:3 cyclohexane-AcOEt to give 28 (2.57 g, 65 %) as a colourless 
amorphous solid ; [«*]„ +22° (c 1, CHC1 3 ). 'H NMR (CDC1 3 ) : 5 7.16-7.42 (m, 20H, Ph), 5.91 
(dd, 1H, H-3 D ), 5.81 (m, IH, All), 5.10-5.24 (m, 4H, H-1 D , 4 D> All), 4.93 (s, 1H, H-l*), 4.53- 
4.81 (m, 5H, H-1 B , CH 2 Ph), 4.23-4.45 (m, 5H, H-2 D , CH 2 Ph), 4.05 (m, 2H, H-6a D , All), 3.58- 
3.91 (m, 8H, H-2 A , 2 B , 3 A , 3 B , 5 A , 5 B , 6b,,, All), 3.38 (m, 1H, H-5 D ), 3.13-3.21 (m, 2H, H-4 A 
4 B ), 2.00, 2.02, 2.05 (3s, 9H, OAc), 1.24 (m, 6H, H-6 A , 6 B ). »C nmr 8 170.4, 169.3 (C=0)! 
117.1-138.4 (Ph, All), 101.1 (CM*), 99.9 (C-1 D ), 97.7 (C-1 B ), 80.6 (2C, C-4 A , 4 B ), 78.9, 79.7 
(2C, C-3 A , 3 B ), 78.2 (C-2 A ), 76.3 (C-2 B ), 75.2, 75.1, 72.6, 71.3 (CH 2 Ph), 71.2 (C-5 D ), 70.1 (C- 
3 D ), 68.4 (C-5 B *), 68.4 (C-4 D ), 67.6 (C-5 A *), 67.6 (All), 61.3 (C-6 D ), 55.4 (C-2 D ), 20.6 (OAc), 
18.0, 17.6 (2C, C-6 A , 6 B ). FAB-MS for QbHmCLNOu (M = 1263.3) m/z 1288.4, 1286.4 [M 
+ Naf. Anal. Calcd. for C 6 3H 65 CL,NO I8 : C, 59.77; H, 5.17; N, 1.11. Found C 60 19 • 
H, 5.53 ; N, 1.18. 



Ally! <^ aceta ^ d <^eo*y-p-^ 

rhamnopyranosyl)-(l^2).3,4-di-0.benzy|.a-L-rhamnop y rai.osid e (27). The trisaccharide 
26(1.71 g, 1.50 mmol) was dissolved inMcOH (20 mL). A 1M solution of sodium methoxide 
in methanol (9 mL) and triethylamine (5 mL) were added, and the mixture was stirred at rt for 
18 h. The mixture was cooled to 0°C and acetic anhydride was added dropwise until the pH 
reached 6. A further portion of acetic anhydride (0.4 mL) was added, and the mixture was 
stirred at rt for 30 min. The mixture was concentrated, and toluene was co-cvaporated from 
the residue. The residue was purified by column chromatography with 95 :5 DCM-MeOH to 
give 27 (623 mg, 45 %) as a colourless amorphous solid ; [a] u -16° (c 0.5, CHCl 3 ). ' H NMR 
(CDCI 3 ) : S 724-7.48 (m, 20H, Ph), 6.79 (d, IH, NH), 5.73 (m, IH, AH), 5.12 (m, 3H, H-1 A 
AH), 4.52-4.86 (m, 9H, H-1 B , CH 2 Ph), 4.34 (d, IH, H-l„), 3.79-4.08 (m, 6H, H-2 A , 2 B 3 A 3 B 
AH), 3.53-3.74 (m, 3H, H-5 A , 5 B , 6a D ), 3.24-3.45 (m, 6H, H-2 D , 3„, 4 A , 4 B , 4 D , 6b D ), 3.20 (m' 
IH, H-5 D ), 1.46 (s, 3H, OAc), 1.24 (m, 6H, H-6 A , 6 B ). " 3 C nmr 8 173.6 (CK», 117.3-137.4 
(Ph, All), 103.2 (C-1 D ), 100.3 (C-1 A ), 97.9 (C-1 B ), 81.3, 80.4 (2C, C-4 A , 4 B ), 79.9 (2C C-3 A 
3 B ), 79.9 (C-2 B *), 78.9 (C-3 D ), 75.7 (C-5 D ), 75.6 75.3, 74.5 (CH 2 Ph), 73.6 (C-2 A *), 72.5 
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(CH 2 Ph), 71.9 (C-4P), 68.2, 68.0 (2C, C-S A , 5 B ), 67.7 (CH 2 0), 62.5 (C-6 D ), 58.8 (C-2 D ), 22 3 
(OAc), 18.0,17.8 (2C, C-6 A , 6 B ). FAB-MS for C SI H W N0 14 (M = 913.4) m/z 936.6 [M + Na]< . 
Anal. Calcd. for C 5l H 6 3NO I4 .H 2 0 : C, 65.72 ; H, 7.03 ; N f 1.50. Found C, 65.34 ; H, 7.03 ; N, 



AUyl (^etaniido-3A6-tri^^ 

be n zyl-a-^rhamnopyraiio S yIH1^2)-3,4-di-0-ben2y|.a.L.rharanopyranoside (27). (a) 
Pyridine (5 mL) was added to 27a (502 mg, 0.55 mmol) and the mixture was cooled to 0°C. 
Acetic anhydride (3 mL) was added. The mixture was stirred at rt for 18 h. The mixture was 
concentrated and toluene was co-evaporated from the residue. The residue was taken up in 
CH 2 Ct 2 and washed successively with 5% aq HC1 and saturated aq NaHC0 3 . The organic 
phase was dried and concentrated to give 27 (538 mg, 94 %) as a colourless foam 
(b) Tetrahydrofuran (3 mL) and ethanol (3.3 mL) were added to 28 (384 mg, 0.303 mmol). 
Ethylenediamine (90 uL, 1 .36 mmol) was added and the mixture was heated at 55°C for 4 h. 
The mixture was allowed to cool to rt. Acetic anhydride (1.0 mL) was added, and the mixture 
was stirred at rt for 1.5 h. The mixture was concentrated. The residue was taken up in pyridine 
(5 mL) and the mixture was cooled to 0»C. Acetic anhydride (2.5 mL) was added The 
mixture was stirred at rt for 18 h. The mixture was concentrated and toluene was co- 
evaporated from the residue. The residue was taken up in CH 2 C1 2 , which caused the formation 
of a white precipitate. The mixture was filtered through a plug of silica gel, eluting with 7-3 
Cyclohexane-acetone. The filtrate was concentrated to give 27 (215 mg, 68 %) as a colourless 
foam ; [a] D -T ( c 0.5, CHC1 3 ). «H NMR (CDCI 3 ) : 8 7.24-7.48 (m, 20H, Ph), 5.84 (m 1H 
All), 5.53 (d, 1H, NH), 5.19 (m, 2H, All), 5.03 (dd, 1H, H-4 D ), 4.98 (m, 2H, H-1 A , 3 D ), 4 54^ 
4.95 (m, 10H, H-Ib, lo. CH 2 Ph), 4.07 (m, 4H, H-2 A , 2 D , 6a D , All), 3.88 (m, 5H, H-2 B , 3 A , 3 B 
ft* All), 3.79, 3.68 (2m, 2H, H-5 A , 5 B ), 3.42 (m, 3H, H-4 A , 4 B , 5 D ), 2.02, 2.01, 1.97, 1.64 (4s 
12H, OAc), 1.30 (m, 6H, H-6 A , 6 B ). »C NMR (CDC1 3 ) S 170.7, 170.4, 169.9, 169 1 (C-O) 
117.1-138.5 (Ph, All), 102.9 (C-1 D ), 101.2 (C-1 A ), 97.7 (C-1 B ), 81.0, 80.5 (2C, C-4 A 4 B )' 
79.5, 79.1 (2C, C-3 A , 3 B ), 78.2 (C-2 A ), 76.1 (C-2 B ), 75.5, 75.2, 73.6 (CH 2 Ph), 73.3 (C-3„)' 
7L9 (C-5 D ), 71.7 (CH 2 Ph), 68.3 (C-5 A *), 68.0 (C-4 D ), 67.6 (C-5 B *), 67.6 (CH.O) 61 6 (C- 
60), 54.1 (C-2 D ), 22.9 (AcNH), 20.6 (OAc), 18.0, 17.7 (2C, C-6., 6 B ). FAB-MS for 
C 57H69 N0 17 (M = 1039.5) m/z 1062.4 [M + Na] + . Anal. Calcd. for C 57 H 69 NO t7 : C, 65.82 ; H 
6.69 ; N, 1 .35. Found C, 65.29 ; H, 6.82 ; N, 1 .29. 
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(2-acetanrid<>-3,4,6-tri-0<icetyI-^^ 

L-rhamnopyranosylHl->2)-3,4-di-0-ben2yl-a/p-L.rhanmopyranose (29). 1,5- 
Cyclooctadiene-bis(methyldiphenylphosphine)iridium hexafluorophosphate (30 mg, 35 umol) 
was dissolved tetrahydrofuran (5 mL), and the resulting red solution was degassed in an argon 
stream. Hydrogen was then bubbled through the solution, causing the colour to change to 
yellow. The solution was then degassed again in an argon stream. A solution of 27 (805 mg, 
0.775 mmol) in tetrahydrofuran (10 mL) was degassed and added. The mixture was stirred at 
rt overnight. The mixture was concentrated. The residue was taken up in acetone (15 mL), 
and water (1.5 mL) was added. Mercuric chloride (315 mg, 1 .16 mmol) and mercuric oxide 
(335 mg, 1.55 mmol) were added to the mixture, protected from light. The mixture was stirred 
for 1 h at rt, then concentrated. The residue was taken up in CH 2 C1 2 and washed three times 
with sat. aq. KL then with brine. The organic phase was dried and concentrated. The residue 
was purified by column chromatography with 4 :6 AcOEt-cyclohexane to give 29 (645 mg, 83 
%) as a white foam. The 'H NMR spectra showed the a :P ratio to be 3.3 :1 ; [a] D +3° (c 0.5, 
CHC1 3 ). 'H NMR (CDCI3) a-anomer : 8 7.30-7.47 (m, 20H, Ph), 5.53 (d, 1H, NH), 5.17 (d, 
IH, y,, 2 - 1.9 Hz, H-1 B ), 5.08 (m, 1H, H-4 D ), 5.03 (d, 1H, J h2 = 1.5 Hz, H-1 A ), 4.99 (m, 1H, 
H-3 D ), 4.62-4.92 (m, 8H, CH 2 Ph), 4.60 (d, 1H, y,, 2 - 8.4 Hz, H-1 D ), 4.01-4.18 (m, 3H, H-2 A , 
2d, 6a 0 ), 3.90-3.97 (m, SH, H-2b, 3 A , 3 U , 5 A *. 6b D ), 3.83 (m, 1H, H-S B *), 3.37-3.45 (m, 3H, 
H-4 A , 4 B , 5 d ), 2.04, 2.03, 1.99, 1.68 (4s, 12H, OAc, AcNH), 1.32 (m, 6H, H-6 A , 6 B ). ,3 C NMR 
(CDCI3) 8 170.7, 170.4, 169.9, 169.1 (C=0), 129.3-138.5 (Ph), 103.3 (C-1 D ), 101.6 (C-1 A ), 
93.9 (C-1 B ), 81.5, 80.8 (2C, C-4 A , 4 B ), 79.9, 78.9 (2C, C-3 A , 3 B ), 78.6 (C-2 A ), 76.8 (C-2 B ), 
76.0, 75.5, 74.0 (CH 2 Ph), 73.7 (C-3 D ), 72.4 (C-5 D ), 72.2 (CH 2 Ph), 68.7 (C-5 A *), 68.5 (C-4 D ), 
68.2 (C-5 B *), 62.0 (C-6»), 54.6 (C-2 D ), 23.4 (AcNH), 21.1 (OAc), 18.5, 18.1 (2C, C-6 A . 6 B ). 
FAB-MS for C^NO^ (M = 999.4) m/z 1022.5 [M + NaT". Anal. Calcd. for C 54 H 6S NO,7 : 
C, 64.85 ; H, 6.55 ; N, 1.40. Found C, 64.55 ; H, 7.16 ; N, 1.15. 

(2-acetamido-3,4,6-trI-0-MetyI-2-deo^^ 

L-rhamnopyraiiosylHl->2)-3,4-dl-0-benzyl-a/p-^-rhanuiopyranosyl 
trichloroacetitnidate (13). The hcmiacetal 29 (595 mg, 0.59 mmol) was dissolved in CH 2 C1 2 
(10 mL), placed under argon and cooled to 0°C. Trichloroacetonitrile (0.6 mL, 6 mmol), then 
DBU (10 pL, 59 pmol) were added. The mixture was stirred at 0°C for 20 min., then at rt for 
20 min. The mixture was concentrated and toluene was co-evaporated from the residue. The 
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residue was purified by flash chromatography with 1 :1 cyclohexane-AcOEt and 0.2 % of Et 3 N 
to give 13 (634 mg, 94 %) as a colourless foam. The «H NMR spectra showed the a :p ratio to 
be 10 :l. ta] D -20- (c 1, CHC1 3 ). ' H NMR (CDCl 3 ) a-anomer : 8 8.47 (s, 1H, C-NH) 7 20- 
7.38 (m, 20H, Ph), 6,0 (d, ,H, J lA = ,. 3 Hz, H-1 B ), 5.40 (d, ,H, NH), 5.01 (m, 1H, H-4 D ), 
4-95 (d, 1H, J, 2 = 1.2 Hz, H-l A)> 4.89 (m, 1H, H-3 D ), 4.55-4.85 (m, 9H, H-1 D , CH 2 Ph), 4.07 
(dd, 1H, H-6a D ), 4.03 (m, 1H, H-2 A ), 3.97 (m, 1H, H-2 D ), 3.91 (dd, 1H, H-6b 0 ), 3.71-3.85 (m 
5H, H-2 B , 3 A , 3 Bl 5 A , 5 B ), 3.31-3.45 (m, 3H, H-4 A , 4 B , 5 D ), 1.58, 1.91, 1.96, 1.99 (4s 12H 
OAc, AcNH), 1.26 (m, 6H, H-6 A , 6 B ). »C NMR (CDC1 3 ) 8 171.1, 170.9, 170.3, 169.6 (CM))' 
160.6 (C=NH), 128,-138.6 (Ph), 103.3 (C-l u ), 101.6 (C-l.). 96.9 (C-1 B ), 91.3 (CC*), 81.4." 
80.2 (2C, C-4 A , 4 B ), 79.9, 78.5 (2C, C-3 A , 3 B ), 78.3 (C-2,0, 75.9 (CH 2 Ph), 75.0 (C-2 B ) 73 7 
(CH 2 Ph), 73.7 (C-3 D ), 72.4 (CH 2 Ph), 72.4 (C-5 D ), 71.0, 69.0 (2C, C-5 A , 5 B ), 68.5 (C-4 o) , 62, 
(C-6 D ), 54.6 (C-2 D)) 23.4 (AcNH), 21, (OAc), 18.5,8.0 (2C, C-6 A , 6 B ). Anal. Calcd. for 
C56H 65 C1 3 N 2 0 17 : C, 58.77 ; H, 5.72 ; N, 2.45. Found C, 58.78 ; H, 5.83; N, 2.45. 

AJIyl (2-aceta mJ do-3,4,6-^^^ 
12,3,4 6-tetra-O-benzyl.a.D-glucopyrano^ 

(5). Anhydrous ether (5 mL) was added to the donor 13 (500 mg, 0.437 mmol) and the 
acceptor 11 (242 mg, 0.29 mmol) and powdered 4A-MS. The mixture was placed under argon 
and cooled to 0<C. Boron trifluoride etherate (415 pL, 3.27 mmol) was added. The mixture 
was stirred at 0°C for 1 h, then at rt for 18 h. The mixture was diluted with CH 2 C1 2 and 
^thylamine (, mL) was added. The mixture was filtered through a pad of Celite and the 
filtrate was concentrated. The residue was purified by column chromatography with 3-2 
cyclohexane-AcOEt to give, in order, the acceptor 11 (132 mg, 54 %), 5 (231 mg, 44 %) and 
*e hernial 29 (1 29 mg, 29 %). The desired pentasaccharide S was obtained as a colourless 

m 5 T<Z ™ T° h) ' ,H NMR CCDCl3); 6 7 ° 9 - 8 02 (ra " 45H ' Ph) - 5 92 * ™> 

All) 5.65 <«. 1H, NH), 5.37 (m,lH, H-2 C ), 5,9 (m, 2H, Ail), 5,3 (bs, 1H, H-l.), 4.35-4 96 
(m, 15H, H-1 B , 1c, l D , lE , 2b , 3d , 4 d , CH 2 Ph), 4,7 (m, 2H, H-2 A , All), 3.87-4.04 (m, 8H H- 

1H H st \ E «; ^ AU) ' 3 - 63 ' 3,81 ^ H " 3b - * 4E ' 5c ' 6a - 6b * 3.59'(m, 
1H. H-5 B ), 3.43 (m, 3H, H-2 B , 4 A , 5 D ), 3.28 (t, 1H, H-4 B ), ,.66, ,.71, 1.99, 2.01 (4s, 12H 

OAc, AcNH), ,.34 (m, 6H, H-6 A , 6 C ), ,.00 (d, 3H, H-6 B ). " C NMR (CDC1 3 ): 8 ,70 5 ,70 0 ' 
16,3, 165.8, ,63, (C-O), „ 7 . 6 , 3 , 7 ^ ^ mj ^ ^ J ^ ™ 
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(C>a>, 95.9 81.8 (C. 3e ), 81.2 (2C, C*. 4A 80.0 (C-W, 79.7 (2C, C3 A , 3 C > 78 2 

(C-3,), 77.7 77.3 (2C, CMc, 4* 75.6, 75.4, 74.9 (CH^W* 743 (C-2 B ), 73.8 (CKPh) 

73.7 (C-3 D ), 72.8 (CKPh). 723 (C-2c). 72.1 (C-5 D ), 71.5 (C5 E ). 70.2 (CKPh), 68.5 (C-5.) 
68.4 (C5 A , CHrO), 68.2 (C-4 D ), 67.9 <C-6„). 67.4 (04* 61.8 <06 D >, 54.3 <C-2„) 23 I 
(AcNHX 20.7. 20.6. 20.4 (OAc). 18.6 (06,0, 18.0 (C-6c), 17.8 (C-6,). PAB-MS for 
C«H,„NO a (M - 1812.1) «k 1836.2. ,835.2 [M+Na]*. Ami. Calcd. for C„„H m N0tf- C 
68.90 ; H, 6.50 ; N, 0.77. Found C, 68.64 ; H, 6.66 ; N, 1 .05. 

Ally! < 3 ^^^2-0^l.roa.Myl*L-rham.opyr. n .sylHI^2M3,4Mli-ftb«,zy|. 
b^oyl-a-L-ri.amn.pynu.oslde (38) . A mixtoe of ^ „ (2U m& o 2sj ^ 

M (2?0 "* 0 33 """<*> ta -*»*»» E'zO (4 tnL) was stirred for 15 tnfa under dry 
Ar. After cooling at -60-C, M^SiOTf (30 pi, 0.166 nttuol) was added dropwise and ft. 
mature was s*red overnight and allowed to reach it. Triethytanin. (120 pL) was added and 
fte mixture waa concentrated. The residue was elated Son, a cohunn of aiUca gel wM. 7-1 
cyclohex^-aoAc ,o give 38 (86 tog, 22 %, as a fca*; Mo +3 - (c ,, ch C1] , ■„ ^ 
(CDC«:S 6.95-8.00 (nt, 45H, Ph), 5.80-6.00 (m> 1H> AII) , 5 . 5 6 (dd , IH> ^ ^ m 

5 04« m 2 ',^ " 30 "* "** " 0 " 537 ^ 2H " 508 « * " " «*• H->a) 
5.04 (d, |« J U < 1.0 Hz, H-W, 5.00 (d, 1H, Jfc < .,0 Hz, H-,.), 4.99 (d, ,H, H-lc) 4 30 

z:;rr? 4 - 3 ^ 

H « 3^ 3 72 * 3 64 « «- 3 »>- 3 40 '* H-3s>, 3.52 <dt 

1H, H-2 B ), 339 (dd, IK H-4 A >, 330 (dd, .K H-4.), ,35 (d, 1H, H-6 A ), 1.30 (d, 1H H l, 

U»« 1H, H-6r). "CNMR^a ,66.,, ,65.7,00, „7.0-,334 (PhU^t 
98. ,C- lA X 97.8 (C-U, 96. 0 (c ., c) , 8 , 8 80 , „ , J £ 

C-3,,, 78.9 (C-3.,, 78.0 (C-4cX 77.5 (C^). 773 (C- 3a ), 75.6, 75.3, ,5.0, 74.7 ,3 73^ 

te CH CIO ^s 7 ^ ^ 17 8 

^t^P ' "* l58 '- 7 * + *** ^ ^ ^ ^"^^ C, 

70.82 , H, 6.40. Found C, 70.67 ; H, 6.58. 
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Allyl (3,4-di-O-benzyl-2-0-pmethoxybe^^ 

bcnzyI-a-i^rhanmopyMnosyl)-(1^3)-|2A4,6-tetra-0.ben2yl-a-D-glucopyra 
4)-]-2-0-benzoyl-a-L-rhamnopyranoside (39). A mixture of alcohol 11 (125 mg, 0.15 
ramol) and 4A molecular sieves in anhydrous Et 2 0 (3 raL) was stirred for 45 min under dry 
At. After cooling at -40°C, Me 3 SiOTf (20 uL, 0.112 mmol) was added dropwise. A solution 
of the donor 37 (210 mg, 0.225 mmol) in anhydrous EfeO (2 mL) was added dropwise to the 
solution of the acceptor during 1 h. The mixture was stirred for 3 h at -40°C. Triemylamine 
(100 |iL) was added and the mixture was filtered and concentrated. The residue was eluted 
from a column of silica gel with 85:15 cyclohexane-EtOAc to give 39 (107 mg, 44 %) as a 
foam; [«] D +12° (c 1, CHCI3). 'H NMR (CDC1,):8 7.1-8.1 (m, 45H, Ph), 6.50-7.00 (m, 4H. 
C^PhOMe), 5.70-5.90 (m, IH, All), 5.32 (dd, IH, 7 U = 1.6, J 2 , 3 = 3.1 Hz, H-2 C ), 5.10-5.25 
(m. 2H, All), 5.05 (d, IH, H-l B ), 4.98 (d, 1H, J ia = 3.2 Hz, H-1 E ), 4.85 (m, 2H, H-1 A , l c ), 
4.20-4.80 (m, 18H, Ctf 2 Ph), 3.90-4.20 (m, 2H, All), 3.00-4.20 (m, 20H, H-2 A , 2 B , 2 E , 3 A , 3 B , 
3c, 3 E , 4 a , 4 b , 4c, 4e, 5 a , 5 b , 5 c , 5 b , 6a E , 6b B , OCH 3 ), 0.82-1.30 (3 d, 9H, H-6 A , 6 B , 6 C ). U C 
NMR (CDC1 3 ):6 166.3 (C=0), 1 1 8.2-138.5 (Ph, All), 99.5, 99.3 (2C, C-1 A , 1 B ), 98.4 (C-le), 
96.4 (C-lc), 82.3, 81.4, 81.1, 80.5, 80.3, 79.5, 78.2, 77.6 (8C, C-2 E , 3 A , 3 B , 3 C , 3 E , 4 A , 4 B , 4c)! 
76.0, 75.5, 75.3, 74.9, 74.3, 73.3, 72.3, 71.8, 71.6, (CH 2 Ph), 72.5 (C-2 C :), 72.0 (C-4 H ), 69.2, 
69.0, 68.9 (3C, C-5 A , 5 B , 5 C ), 68.8, 68.6 (All, C-6 E ), 67.8 (C-5 E ), 55.5 (OCH 3 ), 19.0, 18.s! 
18.4 (3C, C-6 A , 6 B , 6 C ). FAB-MS for CssH^Oa, (M = 1603.8) m/z 1626.6 [M + Na) + . 
Correct elem. analysis could not be obtain for this compound. 

Allyl (2-^cetyl-3,4^a*enzyl^rham 

cw>-glucopyranosyl-(l-M)j.2.a.benzoyl^L-rhaninopyranoside (42). 
A mixture of alcohol 11 (6.5 g, 7.8 mmol) and imidate 22 (6.5 g, 12.2 mmol) in anhydrous 
EfeO (86 mL) was stirred for 15 min under dry Ar. After cooling at -50 e C, Me 3 SiOTf (560 n 
L, 3.1 mmol) was added dropwise and the mixture was stirred and allowed to rt overnight. 
Triethylamine (1.1 mL) was added and the mixture was concentrated. The residue was eluted 
from a column of silica gel with 6:1 cyclohexane-EtOAc to give 42 (8.0 g, 84 %) as a 
colorless foam; [a] D +21' (c 1, CHCI3). 'H NMR (CDCl3):8 7.1-8.2 (m. 35H, Ph), 5.95 (m, 
1H, All), 5.72 (dd, IH, y,, 2 - 1.0, J M = 3.1 Hz, H-2 D ), 5.44 (dd, 1H, J u = 1.6 Hz, / 23 = 3.1 
Hz, H-2c), 5.30 (m, 2H, All), 5.07 (d, IH, J ta = 3.05 Hz, H-1 E ), 5.05 (d, IH, H-1 B ), 4.95 (d, 
IH, y I>2 = 1.6 Hz, H-lc), 4.35-4.90 (m, 12H, Ctt 2 Ph), 4.00-4.20 (m, 2H, All), 4.20 (dd, IH, 
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J iA = 8.5 Hz. H-3 C ), 4.05 (dd, IH, 7 2>3 = 9.7, J 3A - 10.0 Hz, H-3 E ), 3.80-3.90 (m, 2H, H-6a B , 
6b E ), 3.82 (m, IH, y 5 .6 = 6.0 Hz, H-5 C ), 3.80 (m, 2H, H-4 E , 5 E ), 3.76 (m, IH, H-4c), 3.75 (dd, 
1H, J 3A = 8.5Hz, H-3 B ), 3.69 (m, IH, J 4J - 8.5, J Sfi = 6.1 Hz, H-5 B ), 3.53 (dd, IH, H-2 E ), 3.35 
(dd, IH, H-4 B ), 2.15 (s, 3H, OAc), 1.40 (d, 3H, H-6 C ), 1.01 (d, 3H, H-6 B ). ,3 C NMR (CDCb): 
5 170.3, 166.1 (C=0), 118.2-138.6 (Ph, All), 99.7 (C-1 B ), 98.6 (C-1 E ), 96.4 (C-l c ), 82.2 (C- 
3 E ), 81.7 (C-2 E ), 80.2 (C-4 B ), 80.1 (C-3 C ), 78.0 (C-4 C ), 77.8 (C-3 B ), 75.9, 75.4, 75.2, 74.3, 
73.3, 70.9 (6C, CH 2 Ph), 72.5 (C-2 C ), 72.0 (C-4 E ), 69.0 (C-5 C ), 69.0 (C-5 B ), 68.9 (2C, All, C- 
2 B ), 68.0 (C-6 E ), 67.8 (C-5 E ),21.1 (OAc), 19.0 (C-6 C ), 18.1 (C-6 B ). FABMS of C 72 H 78 0 16 (M, 
1 198.5), m/z 1221.4 ([M+Na] + ). 



Allyl ( 3 ^ di -^ be nzyl-cuLHrhaimopyr^ 

glacopyranosyHl-MM^beiizoyl^rhaiiinopyranoside (10). A mixture of the 
trisaccharide 42 (8.0 g, 6.5 mmol) in MeOH (128 raL) was treated with 5.7 mL of HBF</Et 2 0 
at rt The solution was stirred during 4 days. Et 3 N was added until neutralization and 
concentrated. The residue was diluted with DCM, washed with said aq NaHCOa and water. 
The organic layer was dried on MgS0 4 , filtered and concentrated. The residue was eluted 
from a column of silica gel with 15:1 toluene-AcOEt to give 10 (6.31 g, 84 %) as a foam; [a] D 
+14° (c 1, CHCb); 'H NMR (CDC1 3 ):8 7.05-8.10 (m, 35H, Ph), 5.82 (m, IH, All), 5.25 (dd, 
IH, J U2 = 1.7 Hz, Jb = 3.1 Hz, H-2 C ), 5.19 (m, 2H, All), 5.00 (d, IH, J u = 3.1 Hz, H-1 E ), 
4.87 (d, IH, J iA - 1.8 Hz, H-1 B ), 4.81 (d, IH, H-l c ), 4.35-4.90 (m, 12H, C7/ 2 Ph), 4.00-4.20 
(m, 2H, All), 4.10 (dd, IH, J iA = 8.5 Hz, H-3 C ), 4.09 (dd, IH, 7 2(3 = 3.2 Hz, H-2 B ), 3.95 (m, 
IH, J<s = 9.5 Hz, H-5 E ), 3.92 (dd, IH, ^ = 9.5 Hz, J 3A = 9.5 Hz, H-3,), 3.78 (m, IH, J s 6 = 
6.0 Hz, H-5 C ), 3.70 (m, IH, H-4 C ), 3.58-3.62 (m, 2H, H-6a E , 6b*), 3.59 (m, IH, 9.0 Hz, 
Js.6 = 6.2 Hz, H-5 B ), 3.54 (dd, IH, H-4 E ), 3.48 (dd, iH,y M - 8.5 Hz, H-3 B ), 3.45 (dd, IH, H- 
2 E ), 3.31 (dd, IH, H-4 B ), 2.68 (d, IH, J 2 , OH = 2.3 Hz, O-H), 1.29 (d, 3H, H-6 C ), 1.09 (d, 3H, 
H-6 B ). 13 C NMR (CDCl3):S 166.2 (C=0), 118.2-137.5 (Ph, All), 103.1 (C-1 B ), 98.5 (C-1 E ),' 
96.6 (C-lc), 82.1 (C-3 E ), 81.4 (C-2 E ), 80.4 (C-4 B ), 79.7 (C-3 B ), 79.4 (C-4 C ), 78.9 (C-3 C ), 78.1 
(C-4 E ), 76.0, 75.5, 74.5, 74.2, 73.6, 72.1 (CH 2 Ph), 73.7 (C-2 C ), 68.9 (C-6 E ), 68.8 (C-5 B ), 68 7 
(All, C-5 E ), 68.1 (C-5 C ), 19.1 (C-6 C ), 18.2 (C-6 B ). FABMS of C 70 H 76 O l5 (M, 1156.5), m/ z 
1 179.5 ([M+Na] 4 ). Anal. Calcd for C 70 H 76 O ls : C, 72.64; H, 6.62. Found C, 72.49; H, 6.80. 
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Allyl (2-0-acetyl-3 1 4-di-0-benzy!-a-L-rhamnopyranosyl).(l->2)-(3,4-di-0-beiizy!-a-L- 
rhamnopyranosyl)-(l-^3)-[2,3,4,6-tetra-0-benzyl-a-D-glucopyranosyl-(l-^4)l-2-0- 
benzoyl-a-L-rhamnopyranoside (44). 

A mixture of alcohol 10 (5.2 g, 4.49 mmol), imidate 2 (3.58 g, 6.74 mmol) and 4A molecular 
sieves in anhydrous Et 2 0 (1 17 mL) was stirred for 1 h under dry ar. After cooling at -30°C, 
Me 3 SiOTf (580 uL, 3.2 mmol) was added dropwise and the mixture was stirred and allowed 
to rt overnight. Triethylamine (1.2 mL) was added and the mixture was filtered and 
concentrated. The residue was eluted from a column of silica gel with 9:1 cyclohexane-EtOAc 
to give 44 (6.16 g, 90 %); [a] D +13° (e 1, CHC1 3 ). *H NMR (CDC1 3 ):S 7.00-8.10 (m, 45H, 
Ph), 5.82 (m, 1H, All), 5.45 (dd, 1H, 7 U = 1 .5 Hz, J v - 2.5 Hz, H-2 A ), 5.29 (dd, 1H, J it2 = 1 .5 
Hz, J2j « 2.5 Hz, H-2c), 5.19 (m, 2H, All), 4.97 (d, 1H, 7 U = 3.2 Hz, H-1 E ), 4.95 (d, 1H, H- 

I A ) , 4.91 (d, 1H, /,. 2 - 1.6 Hz, H-1 B ), 4.84 (d, IH, H-l c ), 4.35-4.90 (m, 16H, Ctf 2 Ph), 4.29 
(dd, 1H, J 2J - 2.6 Hz, H-2 B ), 4.00-4.10 (m, 2H, All), 4.02 (dd, 1H, J 3A = 8.5 Hz, H-3 C ), 3.90 
(m, 2H, / 2t3 = J 3 a - As = 9.5 Hz, H-3 E , 5 E ), 3.85 (m, 2H, J iA = 9.3 Hz, As = 9.5 Hz, H-3 A , 5 A ), 
3.72 (m, 2H, / M - 6.0 Hz, H-4 C , 5 C ), 3.62-3.66 (m, 2H, H-6a E , 6b E ), 3.61 (dd, 1H, H-4 E ), 3.54 
(dd, 1H, y M - 9.4 Hz, H-3 B ), 3.45 (dd, lH,y 4 .s= 9.5 Hz,7 5 ^=6.1 Hz, H-5 B ), 3.39 (dd, 1H, H- 
2 B ), 3.34 (dd, 1H, H-4 A ), 3.21 (dd, 1H, H-4 B ), 1.89 (s, 3H, OAc), 1.26 (2d, 6H, H-6 A , 6c), 0.89 
(d, 3H, H-6 B ). ,j C NMR (CDC1 3 ):8 170.2, 166.1 (2C, CO), 118.1-138.4 (Ph, All), 101.3 (C- 

I B ) , 99.8 (C-1 A ), 98.2 (C-1 E ), 96.4 (C-l c ), 82.2 (C-3e), 81.4 (C-2 E ), 80.6 (C-4 A ), 80.5 (C-3 C ), 
80.1 (C-4 B ), 79.3 (C-3 B ), 78.5 (C-4c), 78.1 (C-3 A ), 78.0 (C-4 E ), 76.0, 75.9, 75.7, 75.2, 74.3, 
73.3, 72.1, 71.1 (CH 2 Ph), 75.2 (C-2„), 72.9 (C-2 C ), 71.7 (C-5 E ), 69.5 (C-2a), 69.2 (2C, C-5 A , 
5 B ), 68.9 (All, C-2 B ), 68.9 (C-6 E ), 67.9 (C-5 C ), 21.4 (OAc), 19.1 (C-6a), 18.7 (C-6 C ), 18.1 (C- 
6 B ). FABMS of CoH.ooOa, (M, 1524.7), mfz 1547.8 aM+Na] + ). Anal. Calcd for CwH^oOzo: 
C, 72.42; H, 6.61. Found C, 72.31; H, 6.75. 

A, tyl (3,4-di-0-benzyl-a-L-rhamnopyranosyl)-(l->2)-(3,4-di-0-benzyl-a-L- 
rhamnopyranosyl)-(l->3)-[2,3,4,6-tetra-0-benzyl-a-D-glucopyranosyI-(l-»4)l-2-0- 
benzoyl-a-L-rhamnopyranoside (40). 

A mixture of 44 (6.0 g, 3.93 mmol) in MeOH (200 mL) was treated with 10 mL of HBF4/Et 2 0 
at rt. The solution was stirred during 5 days. Et 3 N was added until neutralization and 
concentrated. The residue was diluted with DCM, washed with satd aq NaHC0 3 and water. 
The organic layer was dried on MgS0 4 , filtered and concentrated. The residue was eluted 
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from a column of silica gel with 6:1 cyclohexane-AcOEt to give 40 (5.0 g, 84 %) as a 
colorless foam; [<x] D +12* (c 1, CHC1 3 ). »H NMR (CDC1 3 ):8 7.00-8.00 (m, 45H, Ph), 5.83 (m, 
1H, AU), 5.29 (dd, IH, y u - 1.8 Hz, Jfc = 2.9 Hz, H-2<-), 5.19 (m, 2H, All), 4.99 (d, 1H, J\ 2 ~ 
1.4 Hz. H-1 A ), 4.97 (d, 1H, J l<2 = 3.3 Hz, H-l 1£ ), 4.94 (d, IH, J lA = 1.7 Hz, H-1 B ), 4.83 (d, IH, 
H-lc), 4.35-4.90 (m, 16H, Ci/ 2 Ph), 4.30 (dd, IH, 7 2J = 2.7 Hz, H-2 B ), 4.00-4.10 (m, 2H, All), 
4.02 (dd, IH, J 2a = 3.5 Hz, J 3A = 8.5 Hz, H-3 C ), 3.98 (dd, IH, H-2 A ), 3.91-3.95 (m, 3H, H-5 E , 
6a n , 6a E ), 3.90 (dd, 1 H, J 2 4 = 9.5 Hz, J 3A = 9.4 Hz, H-3 E ), 3.73-3.82 (m, 4H, H-3 A , 5 A , 4c, 5 C ), 
3.66 (dd, IH, J 4 , 5 = 9.6 Hz, H-4 E ), 3.53 (dd, IH, J 3 , 4 - 9.5 Hz, H-3 B ), 3.48 (m, IH, J 4 , 5 = 9.5 
Hz. J 5( «= 5.1 Hz, H-5 B ), 3.40-3.44 (m, 2H, H-4 A , 2 E ), 3.17 (dd, IH, H-4 B ), 2.18 (d, IH, Jfc.- 
2.0 Hz, O-H), 1 .26 (d, 3H, H-6 C ), 1 .25 (d, 3H, H-6 A ), 0.90 (d, 3H, H-6 B ). 13 C NMR (CDC1 3 ):8 
166.2 (C=0), 118.0-138.3 (Ph, All), 101.5 (C-1 B ), 101.4 (C-1 A ), 98.2 (C-1 E ), 96.4 (C-l c ), 
82.2 (C-3 B ), 81.4 (C-2 E ), 80.6 (C-4 A ), 80.3 (C-4 B ), 79.9 (2C, C-3 C , 3 A ), 79.2 (C-3 B ), 78.3 (C- 
4c), 78.0 (C-4 E ), 75.9, 75.6, 75.5, 74.8, 74.2, 73.5, 72.4, 71.0 (CH 2 Ph). 75.3 (C-2 B ), 72.9 (C- 
2c), 71.6 (C2 A ), 69.2, 69.1, 68.6, 68.3, 67.9 (5C, C-5 A , 5 B , 5 C , 5 B , 6 E ), 68.9 (All), 19.1 (C-6 C ), 
18.6 (C-6 A ), 18.1 (C-6 B ). FABMS of QoHogO,, (M, 1482.7), m/z 1505.8 ([M+Na] + ). Anal. 
Calcd for C 90 H 98 O, 9 .2H 2 O: C, 71.12; H, 6.77. Found C, 71.21; H, 6.78. 

Allyl PAfi-tri-O^cetyl-^eoxy^^^ 
<* 0 -b^«-L-rhamnopyra M ^^ 

SM^Ae-tetra-O-benzyl-a-D-glucopyranosyl-d^l^-O-benzoyl-a-L- 
rhamnopyranoside (4). A mixture of alcohol 10 (5.0 g, 3.37 mmol), imidate 16 (3.0 g, 5.04 
mmol) and 4A molecular sieves in anhydrous DCM (120 mL) was stirred for 1 h under dry 
Ar. After cooling at 0«C, Me 3 SiOTf (240 ^L, 1.32 mmol) was added dropwise and the 
mixture was stirred for 2.5 h while coming back to rt. Et 3 N (800 uL) was added, and the 
mixture was filtered and concentrated. The residue was eluted from a column of silica gel 
with 4:1 to 2:1 cyclohexanc-EtOAc to give X4 (6.27 g, 98 %); [a] D +1.5° ( c l. CHCt 3 ) >H 
NMR (CDC1 3 ):8 7.00-8.00 (m, 45H, Ph), 6.68 (d, IH, J 2 , m = 8.5 Hz, N-H D ), 5.82 (m, IH 
All), 5.29 (dd, IH, y u = 1.0 Hz, J 2i3 = 2.3 Hz, H-2 C ), 5.19 (m, 2H, All), 5.00 (d, IH, J ia = 1 0 
Hz, H-1 A ), 4.96 (dd, IH, = 10.5 Hz, JiA - 10.5 Hz, H-3 D ), 4.88 (d, IH, J xa = 3.3 Hz, H- 
1b), 4.85 (d, IH, H-1 C ), 4.82 (d, IH, J w - 1.7 Hz, H-1 B ), 4.81 (dd, IH, / M - ,0.0 Hz, H-4 D ) 
4.72 (d, IH, J U2 = 8.6 Hz, H-1 D ), 4.35-4.90 (m, 16H, Ctf 2 Ph), 4.38 (m, IH, H-2 B ), 4.00-4.10 
(m, 2H. All), 4.05 (dd, IH, J 2i = 2.7 Hz, H-2 A ), 3.95 (dd, IH, 7 M » 3.5 Hz J 34 = 8.5 Hz H- 
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3c), 3.90 (m, 2H, H-5 E , 4 e ), 3.82-3.86 (m, 2H, H-6a D , 6b D ), 3.70-3.84 (m, 6H, H-3 E , 6a E , 6b E , 
3a, 5 a , 2 d ), 3.68 (m, IH, H-5 C ), 3.61 (dd, IH, = 9.0 Hz, H-4 C ), 3.56 (dd, 1H, J 3A - 9.5 Hz, 
H-3 B ), 3.47 (m, 1H, J 4S « 9.5 Hz, J 5 .6 = 6.1 Hz, H-5 B ), 3.33-3.35 (m, 3H, H-4 A , 5d, 2 e ), 3.17 
(dd, IH, H-4 B ), 1.98, 2.00, 2.02 (3s, 9H, OAc), 1.24 (d, 3H, J 5 .a = 6.0 Hz, H-6 A ), 1.23 (d, 3H, 
J 5A = 5.9 Hz, H-6 C ), 0.90 (d, 3H, H-6 B ). ,3 C NMR (CDC1 3 ):8 170.9, 170.7, 169.6, 166.1, 
162.1 (C=0), 118.1-138.3 (Ph, All), 101.5 (C-1 D ), 101.4 (C-1 B ), 101.1 (C-1 A ), 98.5 (C-1 B ), 
96.4 (C-l c ), 92.6 (CC1 3 ), 82.1 (C-3 E ), 81.7 (C-3 C ), 81.6 (C-2 E ), 80.4 (C-4 B ), 80.1 (C-3 A ), 79.1 
(C-4c), 78.5 (C-3 B ), 77.9 (C-4,0, 77.6 (C-4 E ), 76.4 (C-2*), 76.1, 75.8, 75.4, 74.7, 74.3, 74.2, 
73.2, 70.4 (CH 2 Ph), 74.9 (C-2 B ), 72.9 (C-3 D ), 72.7 (C-2c), 72.5 (C-5 D ), 71.9 (C-5 E ), 68.4 (C- 
6 E ), 68.8 (All), 68.9, 68.7, 68.5, 67.7 (4C, C-4 D , 5 A , 5 B , 5 C ), 62.1 (C-6 D ), 56.2 (C-2 D ), 20.9, 
20.9, 20.7 (3C, OAc), 19.0 (C-6 A ), 18.5 (C-6 C ), 18.2 (C-6 B ). FABMS of C 10 4H 114 Cl 3 NO 27 (M, 
1916.4). m/z 1938.9 [M+Naf. Anal. Calcd for C,o4H„4Cl 3 N0 2 7: C, 65.18 ; H, 6.00 ; N, 0.73. 
Found C, 64.95 ; H, 6.17 ; N, 0.76. 

(2,3,4-tri-0-acetyI-2-deoxy-2*ri^^ 

beiizyI<c-L-rhamnopyranosyO<l^^ 
|2A4,(M*tra^-benzyl-a-i)^ 

trichloroacetimidate (46). Compound 4 (3.5 g, 1.8 nunol) was dissolved in anhydrous THF 
(35 mL). The solution was degassed and placed under Ar. 1,5-Cyclooctadiene- 
bis(methyldiphenylphosphine)iridium hexafluorophosphate (81 mg) was added, and the 
solution was degassed again. The catalyst was activated by passing over a stream of hydrogen 
until the solution has turned yellow. The reaction mixture was degassed again and stirred 
under an Ar atmosphere, then concentrated to dryness. The residue was dissolved in acetone 
(15 mL), then water (3 mL), mercuric chloride (490 mg) and mercuric oxide (420 mg) were 
added successively. The mixture protected from light was stirred at rt for 2 h and acetone was 
evaporated. The resulting suspensionwas taken up in DCM, washed twice with 50% aq KJ, 
water and satd aq NaCl, dried and concentrated. The residue was eluted from a column of 
silica gel with 2:1 petroleum ether-EtOAc to give the corresponding hemiacetal 45. 
Trichloroacetonitrile (6.5 mL) and DBU (97 uL) were added to a solution of the residue in 
anhydrous dichloromethane (33 mL) at 0°C. After I h, the mixture was concentrated. The 
residue was eluted from a column of silica gel with 5:2 cyclohexane-EtOAC and 0.2 % Et 3 N 
to give 46 (2.48 g, 66 %); [a] D +4° (c 1, CHC1 3 ). »H NMR (CDC1 3 ):S 8.71 (s, IH, N=H), 7.00- 
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8.00 (m, 45H, Ph), 6.80 (d, 1H, J 2 , m = 8.2 Hz, NH D ), 6.37 (d, 1H, J u = 2.6 Hz, H-l c ), 5.59 
(dd, 1 H, J 2t3 = 3.0 Hz, H-2 C ), 5.10 (d, 1H, J U2 = 1 .0 Hz, H-1 A ), 5.05 (dd, 1H, H-3 D ), 4.98-5.00 
(m, 2H, H-1 E , 1 B ), 4.97 (dd, 1H, H-4 D ), 4.00-5.00 (m. 19H, 8 CH 2 Ph, H-3 C , 2 A , 2 B ), 3.20-4.00 
(m, 17H, H-2 E , 3 E , 4 e , 5 e , 6a E , 6b E , 4c, 5 C , 3 B , 4b, 5b, 3a, 4 a , 5 a , Sd, 6a D , 6b D ), 1.80, 2.02, 
2.03 (3s, 9H, OAc), 1.39, 1.32 and 1.00 (3d, 9H, H-6 A , 6 B , 6 C ). ,3 C NMR (CDC1 3 ):6 169.7, 
169.5, 168.3, 164.5, 160.9 (CO, C=N), 126.2-137.5 (Ph), 101.6 (C-1 D ), 101.3 (2C, C-Ia, 1 B ), 
98.7 (C-1 E ), 94.8 (C-l c ). 91.3 (CC1 3 ), 82.1, 81.5, 80.4, 80.1, 78.4, 77.9, 77.6, 76.5 (10C, C- 
2 A , 2 E , 3 A , 3 B , 3c, 3 b , 4 a , 4 B , 4 C , 4 E ), 76.0, 75.9, 75.5, 74.9, 74.3, 73.3 (CH 2 Ph), 72.9, 72.6, 
71.9, 70.9, 70.6, 69.1, 68.8, 68.5 (9C, C-2 B , 2 C , 3 R , 4 D , 5 A , 5 B , 5 C , 3d, S e ), 68.3, 62.1 (2C, C- 
6 D , 6 n ), 56.2 (C-2 D ), 21.0, 20.9, 20.8 (3 OAc), 19.1, 18.3, 18.1 (3C, C-6 A , 6 n , 6 C ). Anal. Calcd 
forC,o3H„oCl6N 2 027C: 61.22, H: 5.49, N: 1.39. Found C: 61.24, H: 5.50, N: 1.21. 

Methyl (3,4 t 6-tri-^acetyl-2-deoxy-2-tri^ 
(3,4-di^-benzyl<c-L-rhamnopyranosy 

(1^3)-[2,3,4,6-tetra-£>-benzyl-arD-glncopyranosyl-(l->4)J-2-0-benzoyl-oi-L- 

rhamnopyranosyl)-(l-^3)-(2-deoxy-4,6-0-isopropylidene-2-trichloroacetamido-p-D- 

glucopyranosyl)-(l-*2)-(3,4-di-C^benzyl-a-L-rt^ 

a-i^rhamnopyranosy^-Cl-^Si-^^^^tetra-O-benzyl-a-D-glucopyranosyl-fl-MJJ-l-O- 
benzoyl-o>L-rhamnopyranoside (49). A mixture of 46 (154 mg, 76 umol) and 48 (92 mg, 51 
umol), 4A molecular sieves and dry 1,2-DCE (3 mL), was stirred for 1 h, then cooled to - 
35°C. Triflic acid (6 uL) was added. The stirred mixture was allowed to reach 10°C in 2.5 h. 
Et3N (25 uL) was added and the mixture was filtered. After evaporation, the residue was 
eluted from a column of silica gel with 2:1 cyclohexane-EtOAC and 0.5 % of Et 3 N to give 49 
which could not be obtained as pure material at this stage, and was directly engaged in the 
next reaction. 

Methyl (3,4,6-tri-0-acetyl-2-deoxy-2-trieh!oroacetamido-P-D-glucopyranosyl)-(l-»2)- 

(3,4-di-0-beiizyl-a-i^rhamnopyranosyI)-(1^2H3,4-di-0-benzyKa-L-rhamnopyranosyl)- 

(1^3)-I2^A6-tetra-a-ben^l-o^D^lucopyranosyl-(l^)H2-OLbeiizoyl-a-L- 

rhamnopyranosyl)-(1^3)-(2-deoxy-2-trichloroacetainido-p-D-glucopyranosyl)-(l->2)- 
(3,4-di-0-benzyl-a-L-rhaiimopyranosyO^^^ 

(l->3)-[2,3,4,6-tetra-0-benzyl-a-D-glucopyranosyI-(l->4)]-2-a-benzoyl-a-L- 
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rhamnopyranoside (50). To a solution of the residue 49 (186 mg, 51 umol) in DCM (3 mL) 
was added dropwise, at 0°C, a solution of TFA (0.5 mL) and water (0.5 mL). The mixture was 
stirred for 3 h, then concentrated by co-evaporation with water then toluene. The residue was 
eluted from a column of silica gel with 2:1 to 1:1 petroleum ether-EtOAC to give SO (134 mg, 
72 %, 2 steps); [a] D +6° (c 1, CHCU). 'H NMR (CDCI3): 8 7.1 0-8.05 (m, 90H, Ph), 6.82-6.86 
(2d, 2H, J 2m = 8.0 Hz, Jb,„ = 8.5 Hz, NH D , NH D .), 5.1 9-5.35 (m, 2H, H-2 C , 2c-), 5.20, 5.08 
(2s, 2H, H-1 A , 1 A .). 5.05 (dd, 1H, H-3 D .), 4.99-4.80 (m, 9H, H-l* 1 B .. 1 C) l c -, 1 D , 1 D -, 1 E , 1 E , 
4 D .), 4.30-4.80 (m, 32H, OCH 2 Ph), 3.15-4.10 (m, 44H, H-2 A , 2 A , 2 B , 2 B ., 2 D , 2 D , 2 E , 2 E , 3 A , 
3 A -, 3 B , 3 B -, 3c, 3cs 3 D , 3 E , 3 E ., 4 A , 4 A% 4 B , 4 B ., 4c, 4cs 4 D , 4 E , 4 E ., 5 A , 5 A -, 5 B , 5 B ., 5 C , 5 e , 5 D , 
5os 5 E , 5 E ., 6a D , 6bo, 6a D ., 6b D , 6a E> 6b E , 6a E> , 6b E ), 3.42 (3H, s, OMe), 2.02, 2.04, 2.08 (9H, 
3s, OAc), 1.40-0.96 (18H, m, H-6 A , 6 A ., 6 B , 6 B ., 6 C , 6 C ). ,3 C NMR (CDCI3) : 8 171.5, 170.9,' 
170.8, 169.6, 166.2, 162.4, 162.1 (C=0), 127.2-139.5 (Ph), 101.9, 101.6, 101.5, 101.3, 99.2, $ 
98.8, 98.2 (IOC, C-1 A , l A . t 1 B , 1 B ., i c , 1^ 1d> 1d . ( 1b> x ^ 92.7, 92.6 (2C, CC1 3 ), 82.1, 81 S 
81.7, 80.5, 80.3, 80.1, 79.3, 77.9, 77.8, 73.0, 72.6, 72.5. 72.0, 69.4, 69.0, 68.9, 67.4, (39C, C- 
2a, 2 A ., 2 b , 2 B , 2 C , 2cs 2 E , 2 E ., 3 A , 3 A ., 3 B , 3 B , 3 C , 3 C ., 3 D , 3 D ., 3* 3 B ., 4 A , 4 AS 4 B , 4 B ., 4c, 4c-, 
4d, 4 ds 4p„ 4 B ., 5 A , 5 A ., 5 B , 5 BS 5 C , 5 C , 5 D , 5 DS 5 E , 5 E ., 6 D .), 76.0, 75.9, 74.8, 74.3, 73.6, 73 2 
68.6 (CH 2 Ph), 62.3, 62.2, 60.7 (3C, C-6 D , 6 E , 6 P ), 55.5, 56.2 (3C, C-2 D , 2 D ., OCH 3 ), 20 97 
20.94, 20.77 (OAc), 19.01, 18.72, 18.62, 18.15, 17.90 (6C, C-6 A , 6 A> , 6 B . 6 B , 6c, 6 C * 
FABMS for C l97 H 2l4 CUN 2 0 5 o (M, 3622.5), m/z 3645.3 [M+Na] + . Anal. Calcd for 
C lw H 214 CI 6 N 2 0 5 o C: 65.32, H: 5.95, N: 0.77. Found C: 65.20, H: 6.03, N: 0.78. 

Methyl (2-aceta«nido-2-deoxy-p^^ 
^a-^hamnopyranosylM^^^ 
(^^^cetamido-^deoxy-P-o^^ 
2Hcx-L.rh a nmopyranosyl)-(l^3)-[a-D. g Iucopyranosyl-(l^^ 

(1). A solution of 50 (183 mg, 50 umol), in EtOH (3 mL), EtOAc (0.3 mL), 1M HC1 (100 uL) 
was hydrogenated in the presence of Pd/C (250 mg) for 72 h at rt. The mixture was filtered 
and concentrated. A solution of the residue in MeOH (4 mL) and Et 3 N (200 uL) was 
hydrogenated in the presence of Pd/C (200 mg) for 24 h at rt. The mixture was filtered and 
concentrated. A solution of the residue (50 mg, 25 umol) in MeOH (3 mL) and DCM (0 5 
mL) was treated by MeONa until pH=10. The mixture was stirred overnight at 55°C After 
cooling at rt, IR 120 (H-) was added until neutral pH, and the solution was filtered and 
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concentrated, then was eluted ftom a column of C-18 with water/CH 3 CN and freeze-dried to 
afford amorphous 1 (30 mg, 37 %); [a] D -1° (c 1, H 2 0). 'H NMR (D 2 0): 6 5.13 (2d, 2H, J U2 = 
3.5Hz, H-1 E , 1e), 4.75, 4.95, 5.05 (m, 5H, H-1 A , 1 B , 1 A -, 1 B -, lc), 4.62-4.64 (2d, 2H, J la = 7.0 
Hz, J u = 8.0 Hz, H-1 D . Id-). 4.58 (d, 1H, J U2 = 2.2 Hz, H-l c ), 3.20-4.10 (m, 51H, H-2 A , 2 A -, 
2b, 2 b «, 2c, 2c, 2 D , 2 d -, 2 e , 2 E ', 3 a , 3 as 3 b , 3 b -, 3 c , 3 c », 3d, 3 D -, 3 E , 3 E -, 4 A , 4 A «, 4 B , 4s-, 4 c , 4 c -, 
4d, 4 d », 4 e , 4 e >, 5>v, 5 A -, 5 B , 5 B -, 5 C , 5 C \ 5 D , 5 D -, 5 & 5 E », 6ao, 6bo, 6a D -, 6b D -, 6a E , 6b E , 6aB., 6b u -, 
OCH 3 ), 1.97, 1.99 (2s, 6H, 2 AcNH), 1.15-1.33 (6d, 18H, J 5 .6- 6.3Hz, H-6 A> 6 B , 6 C , 6 AS 6 B -, 
6c). 13 C NMR (D 2 0): 5 175.2, 174.7 (C=0), 103.1 (2C, C-1 D «, 1 D ), 102.6, 101.7, 101.3, 100.8 
(6C, C-1 A , t B , 1c, 1 A -, 1 B ., lc ), 98.0 (2C, C-1 E , 1 E ), 81.6, 79.7, 79.6, 79.1, 76.2, 76.1, 73.9, 
73.0, 72.7, 72.6, 72.5, 72.2, 72.1, 71.6, 70.1, 70.0, 69.7, 69.0, 68.5 (38C, C-2a, 2 a -, 2b, 2 b -, 2c, 
2c-, 2 E , 2 E -, 3 a , 3 A «, 3 B , 3 B -, 3 C > 3 C , 3 D , 3 D -, 3 E , 3 E -, 4 A , 4 A ., 4 B , 4b-, 4c, 4 c -, 4 d , 4 d -, 4 b , 4 e -, 5 a , 
5a-, 5 b , 5 b », 5c, 5c, 5 d , 5 d -, 5 e , 5 e ), 60.9 (4C, C-6 E , 6 U -, 6 D , 6 D -), 56.20, 56.00, 55.31 (3C, C- 
2d, 2 d -, OCH 3 ), 22.7, 22.6 (2C, AcNH), 18.3, 18.1, 17.2, 17.1, 16.95, 16.90 (6C, C-6 A , 6 B , 6 C , 
6 A -, 6 B -> 6c-). HRMS: calculated for CgsHuoNzC^s+Na: 1661.6278. Found 1661.6277. 
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Synthesis of a tetra- and two pentasaccharide fragments of the O-specific polysaccharide 

of Shigella flexneri serotype 2a 



INTRODUCTION 

Shigellosis, also known as bacittary dysentery, is a major enteric disease which 
accounts for some 165 million annual episodes, among which 1.1 million deaths, occurring 
mostly in developing countries. {KotlofF, 1999 #147} Young children and 
immunocompromised individuals are the main victims. Occurrence of the disease is seen as a 
correlate of sanitary conditions, and those are not likely to improve rapidly in areas at risk. The 
financial status of the populations in which shigellosis stands in its endemic or epidemic forms, 
as well as the emerging resistance to antimicrobial drugs, {Khan, 1985 #367}*{Salam, 1991 
#368}"{Ashkenazi, 1995 #328}*{Iversen, 1998 #357}*{Iwalokun, 2001 #358}* limit the 
impact of the latter. Some 15 years ago, vaccination was defined as a priority by the WHO in 
its program on enteric diseases.REF However, there is still no license vaccine against this 
bacterial infection although intensive research is ongoing in the field. {Hale, 1995 #102}(voir 
si ref recente PS) Shigellae are Gram negative bacteria. As for other bacterial pathogens, their 
lipopotysaccharide (LPS) is an important virulence factor. It is also a major target of the host's 
protective immunity against infection. Indeed, data from infected patients indicated that 
circulating anti-LPS antibodies were strong markers of acquired immunity. {Cohen, 1988 
#329} {Cohen, 1991 #52} It was also demonstrated in a murine model that the presence 
locally, preliminary to infection, of a secretory antibody of isotype A specific for an epitope 
located on the O-specific polysaccharide (O-SP) moiety of the LPS of Shigella flexneri 5a, 
prevented any host's homologous infection. {Phalipon, 1995 #228} Importantly, field trial of an 
investigational Shigella sonnei O-SP conjugate, which was shown to induce anti-LPS secretory 
IgAs, thus suggesting mucosal stimulation, {Cohen, 1996 #360} demonstrated 75% 
efficacy. {Cohen, 1997 #54} 

Shigella flexneri 2a is the prevalent serotype in developing countries, where it is 
responsible for the endemic form of the disease. Based on the early hypothesis that a critical 
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level of serum IgG antibodies specific for the O-specific polysaccharide (O-SP) moiety of the 
LPS was sufficient to confer protection against homologous infections, {Robbins, 1992 
#256}{Robbins, 1994 #257} several S. flexneri 2a O-SP-protein conjugates were designed. 
They were found safe and immunogenic in both adults and children. {Ashkenazi, 1965 
#362} {Passwell, 2001 #220} 

Allowing a better control of the various structural parameters possibly involved in the 
immunogenicity of glycoconjugate vaccines, oligosaccharide-protcin conjugates were 
proposed as alternatives to polysaccharide-protein conjugate vaccines against 
bacteria. {Pozsgay, 2000 #247} Indeed, such constructs were found immunogenic on several 
occasions, including examples whereby the oligosaccharide portion was made of one 
repeating unit only.{Benaissa-Trouw, 2001 #363}{Mawas, 2002 #364} We reasoned that 
glycoconjugates incorporating chemically synthesized oligosaccharides, qmropriately 
selected for their ability to mimic the native O-SP in terms of both antigenicity and solution 
conformation, may offer an alternative to the S.flexneri 2a O-SP-protcin conjugates currently 
under study. Our approach relies on a rational basis. Indeed, in order to select the best 
oligosaccharide mimic, we have undertaken the characterization of the antigenic determinants 
of S. flexneri 2a O-SP recognized by serotype-specific protective monoclonal antibodies. The 
synthesis of a panel of methyl glycoside oligosaccharides representative of fragments of S. 
flexneri 2a O-SP was thus undertaken to be used as probes in the study of antibody 
recognition. 

A B E C D 

2)-a-L-Rhap-(l-^2)-a-L-Rha^-(1^3)-[a-D-Glc^-(1^4)]-a-L-Rhap-(l->3)-p-D-GlcNAcp(l-* 

The O-SP of S. flexneri 2a is a heteropolysaccharide defined by the pentasaccharide 
repeating unit I. {Simmons, 1971 #88; Lindberg, 1991 #46} It features a linear tetrasaccharide 
backbone, which is common to all S. flexneri O-antigens and comprises a AT-acetyl 
glucosamine and three rhamnose residues, together with an a-D-glucopyranose residue 
branched at position 4 of one of the rhamnoses. We have already reported on the synthesis of 
the methyl glycosides of various fragments of the O-SP, including the known EC 
disaccharide, {Berry, 1974 #224; Lipkind, 1987 #223} {Mulard, 2000 #52} the ECD{Mulard, 
2000 #52} and B(E)C{Mulard, 2000 #52} trisaccharides, the ECDA{Segat, 2002 #225} and 
AB(E)C{Costachel, 2000 #101} tetrasaccharides, the B(E)CDA{Segat, 2002 #225} and 
DAB(E)C{Costachel, 2000 #101} pentasaccharides and more recently the B(E)CDAB(E)C 
octasaccharide.{Belot, 2002 #314} In the following, we report on the synthesis of the 



2 



LMPPI J-theo-brevei-pentaOMe 



CA 02434668 2003-07-07 



ECDAB, AB(E)CD pentasaccharides as well on that of the B(E)CD tetrasaccharide as their 
methyl glycosides, 1, 2 and 3, respectively. 

RESULTS AND DISCUSSION 

Analysis of the targets shows that all the glycosylation reactions to set up involve \ 9 2-trans 
glycosidic linkages except for that of the E-C junction which is Consequently, the 

syntheses described herein rely on key EC disaccharide building blocks as well as on 
appropriate A, B and D monosaccharide precursors. 

Synthesis of the linear ECDAB-OMe pentasaccharide (1): Based on earlier findings in the 
series which have demonstrated that the C-D linkage was an appropriate disconnection 
site,{Segat, 2002 #283} a blockwise synthesis of 1 was designed (Scheme 1). It is based on 
the glycosylation of the known EC trichloroacetimidate donor XX,{Mulard, 2000 #196} 
obtained in three steps (69%) from the key intermediate XX, {Segal, 2002 #283} and the DAB 
trisaccharide acceptor XX. The latter was obtained by the stepwise condensation of known 
monosaccharide precursors, readily available by selective protection, deprotection and 
activation sequences. Thus, TMSOTf-catalysed condensation of the rhamnopyranoside 
acceptor XX{Pozsgay, 1987 #241} with the trichloroacetimidate donor XX {Castro-Palomino, 
1996 #47} in diethyl ether to give the fully protected rhamnobioside XX, and subsequent de- 
0-acetylation under Zempten conditions gave the AB disaccharide acceptor XX in XX% 
overall yield, which compares favourably with the previously described 
preparation. {Pozsgay, 1987 #241} Conventional glycosylation of XX with the known 
glucosaminyl bromide, {Debenham, 1995 #63}chosen as the precursor to residue D, under 
base-deficient conditions in order to avoid orthoester formation, smoothly afforded the fully 
protected DAB trisaccharide (XX%). Removal of the tetrachlorophtalimide and concomitant 
deacetylation by action of XXX in XXX, followed by AT-acetylation furnished the triol XX 
(XX%), which was next protected at positions 4 D and 6 D by regioseiective introduction of an 
isopropylidene acetal upon reaction with 2,2-dimethoxypropane under acid-catalysis (XX%). 
(mentionner produit vert fluo) Indeed, data previously obtained when synthesizing shorter 
fragments in the series outlined the interest of using 4,6-O-isopropylidenc-glucosaminyl 
intermediates instead of the more common benzylidene analogs. {Mulard, 2000 #196} Once 
the two key building blocks made available, their condensation was performed in 
dichloromethane in the presence of a catalytic amount of TMSOTf to give the fully protected 
pentasaccharide XX (XX%). Conventional stepwise deprotection involving (i) acidic 
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hydrolysis of the isopropylidene acetal using 90% aq TFA to give diol XX (XX%), (ii) 
conversion of the latter into the corresponding tetraol XX under Zemplen conditions (XX%), 
and (iii) final hydrogenolysis of the benzyl protecting groups, gave the linear pentasaccharide 
1 in XX% yield. 

Synthesis of the AB(E)CD pentasaccharide 2 and of the B(E)CD tetrasaccharide 3 (Scheme 
2). For reasons mentioned above, compound XX,{MuIard, 2000 #196} protected at its 4 and 6 
hydroxyl groups by an isopropylidene acetal was the precursor of choice for residue D. In the 
past, introduction of residue B at position 3 C was performed on a 2 c -0-benzoylated EC 
acceptor resulting from the regioselective acidic hydrolysis of the corresponding 2,3- 
orthoester intermediate. {Costachel, 2000 #55}{Segat, 2002 #283} It rapidly occurred to us 
that opening of the required phenyl orthoester was not compatible with the presence of an 
isopropylidene acetal. For that reason, the trichloroacetimidate donor XX, suitably 
benzoylated at 2 C and orthogonally protected by a chloroacetyl group at position 3 C was used 
as the EC building block instead of the previously mentioned XX The choice of protecting 
group at position 2 of the rhamnosyl precursor to residue B was again crucial in the synthesis 
of 2. Indeed, most of our previous work in the series relied on the use of the known 2-0- 
acetyl rhamnopyranosyl donor XX, {Castro-Palomino, 1996 #47} as an appropriate precursor 
to residue B. In the reported syntheses, {Costachel, 2000 #55} selective 2 B -0-deacetylation 
the presence of a 2c-0-benzoate was best performed by treatment with methanolic HBF 4 .OEt 2 
for five days. Clearly, such deacetylation conditions are not compatible with the presence of 
isopropylidene group on the molecule either. To overcome this limitation, the corresponding 
2-0-chloroacetyl rhamnopyranosyl trichloroacetimidate XX was selected as an alternate 
donor. The latter could indeed also serve as an appropriate precursor to residue A. 
Regioselective conversion of diol XX into its 2-O-benzoylated counterpart XX was performed 
as described.{Segat, 2002 #283} Treatment of the latter with chloroacetic anhydride and 
pyridine gave the orthogonally protected XX (XX%), which was smoothly de-O-allylated to 
yield the corresponding hemiacetal XX (XX%) by a two-step process, involving (i) iridium 
(0-promoted i S omerisation{01tvoort, 1981 #216} of the allyl glycoside and (ii) subsequent 
hydrolysis in the presence of iodine.(Ref, cf Nacira) The selected trichloroacetimidate leaving 
group was successfully introduced by treatment of XX with trichloroacetonitrile in the 
presence of DBU, which resulted in the formation of XX (XX%). TMSOTf-mediated 
glycosylation of donor XX and acceptor XX furnished the fully protected ECD trisaccharide 
(XX%), which was as expected readily converted to the required acceptor XX upon selective 
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deblocking of the chloroacetyl protecting group with thiourea (XX%). Following the two-step 
protocol described above for the preparation of XX, the known allyl rhamnopyranoside 
XX,{Westcrduin, 1988 #348} bearing a 2-0-choloacetyl protecting group, was converted to 
the hemiacetal XX (XX%). Next, treatment of the latter with trichloroacetonitrile and a slight 
amount of DBU gave donor XX in an acceptable yield of XX%. Glycosylation of the ECD 
acceptor XX and the B donor XX was attempted under various conditions of solvent and 
catalyst. Whatever the conditions, hardly separable mixtures of compounds were obtained. 
When using TMSOTf as the promoter and XXX as the solvent, the expected tetrasaccharide 
XX was indeed formed, although it was often markedly contaminated with glycosylation 
intermediates such as the silylated XX as well as the orthoester side-product XX, as suggested 
from mass spectroscopy analysis and NMR data. In fact, the nature of the latter was fully 
ascertained at the next step in the synthesis. Indeed, treatment of a mixture of the 
condensation products XX and supposedly XX resulted in the expected tetrasaccharide 
acceptor XX contaminated by the trisaccharide acceptor XX, whereas the corresponding 0B- 
tetrasaccharide isomer could not be detected at this stage, which indicated that the 
corresponding chloroacetylated XX was not part of the initial mixture. Formation of the 
starting XX during the dechloroacetylation step is not unexpected as it may be explained by 
intramolecular rearrangement leading to expulsion of the B residue, following dechlorination 
in the presence of XXX. Starting from XX, the isolated yield of the tetrasaccharide acceptor 
XX was XX%, which encouraged us to reconsider the use of the 2-O-acetyl analogue XX as a 
precursor to residues B and A in the synthesis of 2. 

Asuivre... 

CONCLUSION 

The synthesis of the methyl glycoside (2) of the repeating unit I of the S.flexneri 2a 
O-SP, together with that of the corresponding pentasaccharide 1 and tetrasaccharide 3 were 
described. All the methyl glycosides of the di- to pentasaccharides obtained by circular 
permutation of the monosaccharide residues partaking in the linear backbone of I, and 
comprising the EC portion, are now available in the laboratory. Their binding to a set of 
available protective IgG antibodies will be reported elsewhere. 
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EXPERIMENTAL 



General Methods. General experimental methods not referred to in this section were 
as described previously.(REF) TLC on precoated slides of Silica Gel 60 F 2S4 (Merck) was 
performed with solvent mixtures of appropriately adjusted polarity consisting of A 
dichloromethane-methanol; B, cyclohexane-ethyl acetate, C, cyclohexane-diethyl ether, D, 
water-acetonitrile. E, /so-propanol-ammonia-water, F, cyclohexane-diethyl ether-ethyl acetate' 
Detection was effected when applicable, with UV light, and/or by charring with orcinol (35 
mM) in 4N aq H2SO4. In the NMR spectra, of the two magnetically non-equivalent geminal 
protons at C-6, the one resonating at lower field is denoted H-6a and the one at higher field is 
denoted H-6b. Interchangeable assignments in the NMR spectra are marked with an 
asterisk in listing of signal assignments. Sugar residues in oligosaccharides are serially lettered 
according to the lettering of the repeating unit of the O-SP and identified by a subscript in 
listing of signal assignments. Low-resolution mass spectra were obtained by either chemical 
lomsation (CDMS) using NH 3 as the ionising gas, by electrospray mass spectrometry (ESMS), 
or by fast atom bombardment mass spectrometry (FABMS). 

Methyl (2acetamido-2-deoxy-4,6-0-isopropy^ 

benzyl-a-i^rhaiimopvran^ ^ ^ 

dimethoxypropane (4.9 mL, 39.8 mmot) and /wro-toluenesulfonic acid (18 rag, 95 umol) were 
added to a solution of the triol XX (964 mg, 1.09 mmol) in acetone (3 mL) and the mixture was 
stirred at rt for Ih. Et 3 N was added, and volatiles were evaporated. Column chromatography of the 
residue (solvent Z>, 99:1) gave the acceptor XX as a white solid (969 mg, 96%) which could be 
crystallized from AcOEt:iPr 2 0; mp XX°C; [cc] D XX (c 1.0); NMR: l H , S 7.45-7.31 (m, 20H Ph) 
6.98 (d, 1H, J NH>2 = 2.4 Hz, NH), 6.37 (bs, 1H, OH), 5.07 (d, 1H, J u - 1.9 Hz, H-1 A ), 4.90 (d, IH 
J = 10.8 Hz, OCH 2 ), 4.85 (d, IH, J = 10.1 Hz, OCH 2 ), 4.84 (d, 1H, J = 10.8 Hz, OCH 2 ), 4.76 (d, 
1H, OCH 2 ), 4.69 (d, IH, OCH 2 ), 4.68 (s, 2H, OCH 2 ), 4.65 (d, IH, OCH 2 ), 4.61 (d, IH, J u = 1 6 
Hz, H-1 B ), 4.48 (d, IH, J W - 8.3 Hz, H-1 D ), 4.09 (dd, IH, H-2,0, 4.01 (dd, IH, J 23 = 3.2, J 34 = 9 4 
Hz, H-3 A ), 3.91 (dd, IH, H-2 B ), 3.89-3.84 (m, 2H, J 5>6 = 6.3, J 44 = 9.4, J 2y .= 3.3, j 3V ,= 9.4 Hz, H- 
5a, 3 B ), 3.68 (dq, partially overlapped, J s>0 = 6.2, J 4>s = 9.5 Hz, H-5 B ), 3.66-3.58 (m, 4H, H-6a D) 
6b D , 2 D , 4 D ), 3.44 (pt, IH, H-4 A ), 3.41 (pt, IH, H-4„), 3.32 (s, 3H, OCH 3 ), 3.16 (m, IH, H-5 D ), 
1.60 (s, 3H, C(0)CH 3 ), 1.54, 1.48 (2s, 6H, C(CH 3 ) 2 ), 1.35 (d, 6H, H-6 A , 6 B ); «3 C , 5 173 9 (CO) 
138.8-128.0 (Ph), 103.7 (C-1 D ), 101.3 (C-1 A ), 100.3 (C(CH 3 ) 2 ), 100.2 (C-1 B ), 81.9 (C-4 A ), 80 8 
(C-4 8 ), 80.5 (C-3 A ), 79.7 (C-3 B ), 79.4 (C-2 A ), 76.2 (OCH 2 ), 76.0 (C-2 B ), 75.6, 75.1 (2C, OCH 2 ), 
J4.4 (C-4 D)) 74.4 (C-3 D ), 72.6 (OCH 2 ), 68.6 (C-5,0, 68.0, 67.9 (2C, C-5 B , 5 D ), 62.2 (C-6 D ), 60.6 
(C-2 D ), 55.1 (OCH 3 ), 29.5 (C(CH 3)2 ), 22.7 (C(0)CH 3 ), 19.4 (C(CH 3 ) 2 ), 18.5, 18.2 (2C, C-6 A , 6 B ) 
FABMS for C52H65NO14 (M 927.44) m/z 950.5 [M+Na] + . 

Anal. Calcd for C 5 2H 6 5N0 14 : C, 67.30; H, 7.06; N, 1.51%. Found: C, 67.15; H, 7.24- N 
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1.44%. 

Methyl (2^,4,5-Tetra-0-benzyI-o-D-glucopyranosyl)-(l->4)-(2^-dl-0-benzoyl-a-L- 
rhanrnopyranosyl)-(1^3)-(2-acetamido-2-deoxy-4,6-0-isopropylidene-p-^D-glucopyra 
(1^2H3,4-di-t9-benzyl-a-l^rhamnopyranosylHl-*2H3,4-dI-<>-ben2yl-a-L- 
rhumnopyranoside (XX). Activated powdered 4A molecular sieves were added to a solution of 
the trisaccharide acceptor XX (202 mg, 0.22 mmol) and the disaccharide donor XX (263 mg, 0.25 
mmol) in anhydrous CH 2 C1 2 (5 mL) and the suspension was stirred for 30 min at -15°C. 
Trifluoromethanesulfonic acid (7 uL, 34 umol) was added and the mixture was stirred for 2 h 
while the bath temperature was slowly coming back to 10°C. TLC (solvent D, 49:1) showed that 
no XX remained. Et 3 N was added and after 30 min, the suspension was filtered through a pad of 
Celite. Concentration of the filtrate and chromatography of the residue (solvent B, 9:1 -*• 17:5) 
gave the fully protected pentasaccharide XX (330 mg, 84%) as a white foam; [a] D XX (c 1.0); 
NMR: 1H, o 8.07-6.96 (m, 50H, Ph), 5.82 (d, IH, J NK 2 = 7.4 Hz, NH), 5.63 (dd, 1H, J w = 3.5, J 3A 
= 9.5Hz,H-3c),5.43(dd, 1H, J u = 1.6 Hz, H-2 C ), 5.09 (bs, IH, H-l B ), 5.02 (d, 1H, J,. 2 =3.4Hz, 
H-l E ), 4.99 (d, 1H, J,, 2 = 8.3 Hz, H-1 D ), 4.95 (d, 1H, J w - 1.1 Hz, H-l c ), 4.94-4.63 (m, 13H, 
OCH 2 ), 4.63 (s, IH, H-1 A ), 4.37 (d, IH, J = 1 1 .0 Hz, OCH 2 ), 4.29 (dq, IH, J 4>5 = 9.5, J 5t6 = 6.2 Hz, 
H-5 C ), 4.25 (d, IH, J = 9.5 Hz, OCH 2 ), 4.23 (pt, IH, J 3 , 4 - J 4> s = 9.5 Hz, H-3 D ), 4.01 (m, IH, H-2 B ), 
3.97-3.86 (m, 5H, H-3 E , 2 A , 3 E , 4 C , OCH 2 ), 3.82 (m, IH, H-3 A , 5 B ), 3.71-3.57 (m, 7H, H-Sd, 4 e , 
5a, 4d, 4 e , 6a E , 6b E ), 3.54-3.41 (m, 3H, H-2 E , 4 B , 2 D ) 3.38-3.31 (m, 2H, H-4 A , 6ao), 3.31 (s, 3h! 
OCH 3 ), 3.17 (m, IH, H-5 E ), 3.08 (d, IH, J te , 6b = 10.1 Hz, H-6br>), 1.84 (s, 3H, NHAc), 1.46 (s, 3H, 
C(CH 3 ) 2 ), 1.45 (d, 3H, J S>6 = 5.9 Hz, H-6 C ), 1.35 (m, 6H, J 3t6 - 5.9 Hz, H-6 B , C(CU 3 h), 1.31 (d, 
3H, J 5>6 = 6.2 Hz, H-6 A ); 13 C , 8 171.7, 165.9, 165.8 (3C, CO), 138.9-127.9 (Ph), 102.3 (C-l x , J = 
167 Hz), 101.5 (C-lx, J = 170 Hz), 100.3 (C-1 X) J = 170 Hz), 99.8 (C(CH 3 ) 2 ), 99.6 (C-l x , J = 172 
Hz), 98.2 (C-lx, J = 172 Hz), 82.0 (C-X A ), 81.2 (C-X B ), 80.9 (C-Xa), 80.7 (C-X u ), 79.7, 79.3 (3C, 
OCH 2 ), 78.1 (C-X A ), 77.8, 77.4, 75.5, 71.8 (5C, OCH 2 ), 71.7 (C-X B ), 71 .6 (C-X), 68.8 (C-X), 68.0 
(C-6 H ), 67.6 (C-X D ), 62.5 (C-6 D ), 58.9 (C-2 n ), 55.0 (OCH 3 ), 29.5 (C(CH 3 )2), 23.8 (C(0)CH 3 ), 19.8 
(C(CH 3 ) 2 ), 18.6 (C-6 C ), 18.5 (C-6 A ), 18.3 (C-6 D ). XXMS for CoeHmNOa (M, 1803.79) m/z XXX 
[M+H] + . 

Anal. Calcd for C.oeHmNOy: C, 70.53; H, 6.53; N, 0.78%. Found: C, XXXX; H, XXX- 
N,XXX%. 

Methyl (2,3,4,6-Tetra-0-benzyl-o>D-glucopyranosyl)-(l-»4)-(2^-di-0-benzoyl-o>L- 
rhaninopyranosylH1^3H2-acetamido-2-deoxy-p-D^lucopyranosyl)-(l-*2)-(3,4-di-Ot. 
benzyl-a-i^rhamnopyranosylH1^2>3,4-cIi-0-benzyl-a-L-rhanMiopyranoside (XX). 90% aq 
TFA (750 pL) was added at 0°C to a solution of the fully protected XX (588 mg, 326 umol) in 
CH 2 C1 2 (6.7 mL) and the mixture was stirred at this temperature for 1 h. TLC (solvent 5, 1.5:1) 
showed that no XX remained. Volatiles were evaporated by repeated addition of toluene. 
Chromatography of the residue (solvent B, 4:1 -> 1:1) gave XX (544 mg, 95%) as a white foam; 
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[ct] D XX° (c 1.0); NMR: lH, 8 8.06-7.06 (m, 50H, Ph), 5.82 (d, 1H, J N „, 2 = 7.1 Hz, NH), 5.65 (dd, 
IH, J 23 = 3.8, J 3 , 4 = 9.0 Hz, H-3 C ), 5.53 (m, 1H, H-2c), 5.34 (s, 1H, H-1 B ), 5.04 (d, 1H, J u = 8.3 
Hz, H-1 D ), 5.00 (m, 2H, H-l c , It). 4.97-4.63 (m, 13H, OCH 2 ), 4.48 (bs, 1H, H-1 A ), 4.40 (d, 1H, J 
= 8.4 Hz, OCH 2 ), 4.29 (d, 1H, J - 8.0 Hz, OCH 2 ), 4.28^.21 (m, 2H, H-3 n , 5 C ), 4.10 (m, 1H, H- 
2 A ), 4.04 (m, 1H, H-2 B ), 3.99 (d, 1H, OCH 2 ), 3.95-3.89 (m, 3H, H-3 B , 3 E , 4 C ), 3.87 (dd, 1H, J 2J = 
2.7, Jj. 4 = 9.7 Hz, H-3 A ), 3.81-3.64 (m, 5H, H-5 E , 5 B , 6ao, 4 E , 5 A ), 3.54 (dd, 1H, J u = 3.2, J 2J = 9.7 
Hz, H-2 E ), 3.51 (pt, 1H, J 3 , 4 = J 4 4= 9.5 Hz, H-4 B ), 3.45-3.37 (m, 4H, H-4 A , 4 D , 6^., 2 D ), 3.33 (m, 
5H, H-5 D , 6b D , OCH 3 ), 3.12 (d, 1H, J*.*,- 10.6 Hz, H-6b E ), 2.28 (bs, 1H, OH),1.97 (bs, 1H, OH), 
1.84 (s, 3H, NHAc), 1.54 (d, 3H, J 5l6 = 6.1 Hz, H-6 C ), 1.37 (m, 6H, H-6 B , 6 A ); "C, 8 171 .5, 165.8, 
165.6 (3C, CO), 138.8-127.9 (Ph), 101.6 (C-1 D ), 100.8 (C-1 B ), 100.5 (C-1 A ), 100.1 (C-1 E *), 99.9 
(C-l c *), 84.9 (C-3 D ), 82.1 (C-3 E ), 80.9, 80.7, 80.6, 80.5 (4C, C-4 U , 3 A , 4 A , 2 E ), 79.7 (C-4c), 79.3 
(C-3 B ), 77.8 (2C, C-2 B , 4 E ), 76.0, 75.9 (2C, OCH 2 ), 75.8 (C-5 D ), 75.6, 75.1, 74.6, 73.7, 73.1 (5C, 
OCH 2 ), 72.8 (C-2 A ), 72.6 (OCH 2 ), 71.8 (C-5 E ), 71.6 (C-4 D ), 71.3 (C-3 C ), 71.1 (C-2 C ), 69.4 (C-5 C ), 
68.8 (C-5 B ), 68.3 (C-5/0, 68.1 (C-6e), 63.0 (C-6 D ), 57.6 (C-2 D ), 55.0 (OCH 3 ), 23.8 (NHAc), 18.8 
(C-6 C ), 18.6, 18.5 (2C, C-6 A , 6 B ). XXMS for Ci 0 3H,, 3 N0 25 (M, 1763.76) m/z XXX [M+H] + . 

Anal. Calcd for Cio3Hii 3 N0 25 : C, XX; H, XX; N, XX%. Found: C, XXXX; H, XXX; N, 
XXX%. 

Methyl (2^,4,6-Tetra-0-benzyl-a-D-gIucopyranosyl)-(l->4)-a-L-rhamnopyranosyl- 
0^3)-(2-acetamldo-2-deoxy-P-D-gIucopyranosyl)-(l->2)-(3,4-di-O-benzyl-a-Lr 
rhamnopyranosyl)-(l->2)-3,4-dl-0-benzyI-a-L-rhamnopyraDoside (XX). 1M Methanolic 
sodium methoxide was added to a solution of XX (277 mg, 1 57 umol) in a 1:1 mixture of CH2CI2 
and MeOH (6 mL) until the pH was 10. The mixture was stirred overnight at rt and neutralized 
with Amberlite IR-120 (H*). The crude material was chromatographed (solvent D, 49:1) to give 
XX (211 mg, 86%) as a white foam; [a] D XX 0 (c 1.0); NMR: 'H. S 8.07-7.06 (m, S0H, Ph), 5.82 
(d, IH. J mj =7.1 Hz, NH), 5.65 (dd. 1H. J2.3 - 3.8, J3.4 = 9.0 Hz, H-3J, 5.53 (dd, 1H. J u = 1.6 
Hz, H-2<), 5.34 (s, 1H, H-la), 5.04 (d, 1H, J,. 2 = 8.3 Hz. H-ltf, 5.00 (m, 2H, H-l c . Ie). 4.97-4.63 
(m, 13H. OCHi). 4.48 (bs, 1H. H-U. 4.40 (d, IH. J = 8.4 Hz, OCH2), 4.29 (d, 1H, J = 8.0 Hz, 
OCH2). 4.28-4.21 (m. 2H, H-3d, 5d. 4.10 (m, 1H, H-2a), 4.04 (m. IH, H-2„), 3.99 (d, 1H. OCHJ, 
3.95-3.89 (m. 3H. H-3e. 3 b , 4 c ). 3.87 (dd, IH. J 2 , 3 = 2.7, J3.4 = 9.4 Hz, H-3J, 3.81-3.64 (m, 5H, H- 
5b. 5 e , 6a D , 5 A , 4e), 3.54 (dd. IH, J 2J = 3.2, J 3A = 9.7 Hz, H-2e), 3.51 (pt. IH, J4.5 = J3.4 = 9.5 Hz, 
H-4m), 3.45-3.37 (m, 4H, H-4 A , 4o, 6ae, 2 D ). 3.33 (m. 5H, H-Sa, 6bo, OCH 3 ), 3.12 (d. IH. J ttL6b = 
10.6 Hz. H-6bE) 2.28 (bs, IH. OH), 1.97 (bs, IH, OH), 1.84 (s, 3H. NHAc), 1.53 (d, 3H. J s>6 = 6.1 
Hz, H-6 C ), 1.37 (m, 6H, H-6 B . 64); "C, 5171.5, 165.8, 165.6 (3C. CO), 138.8-127.9 (Ph), 101.6 
(C-16), 100.8 (C-1 B ). 100.5 (C-Ia), 100.1, 99.9 (2C. C-1 K . 16, 84.9 (C-3 D ), 82.1 (C-3e), 80.9, 
80.7. 80.6, 80.5, 79.7 (5 a C-4 B , 3A. 4A. 2E. 4C) (3C, OCHi), 78.1 (C-Xa), 77.8, 77.4, 75.5, 71.8 
(5C, OCH2), 71.7 (C-X B ), 71.6 (C-X), 68.8 (C-X), 68.0 (C-6e), 67.6 (C-X D ), 62.5 (C-6 D ). 58.9 (C- 
2p). 55.0 (OCH3), 29.5 (C(CHj)2), 23.8 (C(0)CH3), 19.8 (C(CH } )2). 18.6 (C-6), 18.5 (C-6 At ), 18.3 
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(C-6b). XXMS for CimHiuNQm (M, 1763.76) m/z XXX [M+H]+ 

Anal. Calcd Tor C103H113NQ25: C, XX; H, XX; N, XX%. Found: C, XXXX; H, XXX- N 
XXX%. 

Methyl a-D-Glucopyranosyl-(l->4)-a-L-rhamiiopyranosyI-(l->3)-2-acetamido-2- 
deoxy-p-D^lucopyranosyl-(l-^2)-a-l^rlianinopyranosyKl->2)-a-L-rhaiiuiopyranoside 
(1). The benzylated tetrasaccharide 23 (484 mg. 394 jimol) was dissolved in a mixture of 
methanol (10 ml) and AcOH (1 mL), treated with 10% Pd-C catalyst (200 mg), and the 
suspension was stirred overnight at rt. TLC (solvent D. 3:2) showed that the starting material 
had been transformed into a more polar product. The suspension was fdtered on a pad of 
Celite. The filtrate was concentrated and coevaporated repeatedly with cyclohexane. Reverse 
phase chromatography of the residue (solvent F, 100:0 -+49: 1), followed by freeze-drying, 
gave the target tetrasaccharide 1 as an amorphous powder (230 mg, 85%); [a] +3° (c 1.0, 
water); NMR: lH, S 5.04 (d. III, J u = 3.8 Hz, H-ltf, 4.87 (bs. 1H, H-1&, 4.84 (bs, 1H, H- 
lA), 4.76 (d, overlapped. 1H. H-1 D ), 4.10 (dq, 1H. J 4i5 = 9.5 Hz. H-5c). 4.01 (m, 1H. H-2a), 
4.00 (m. 1H, H-5e). 3.92 (dd. IH, J^b - 12.0, J 5M = 1.8 Hz. H-6a D ). 3.87-3.73 (m, 7H, H- 
3c 3 A . 6a E . 6b & 2 D . 2 C . 6b D ), 3.73-3.61 (m, 3H. H-3& 3d, 5a), 3.59-3.43 (m, 5H, H-2& 4 D , 
4c So, 4e>, 3.39 (s, 3H. OCH3), 3.32 (pt, 1H, J 3 , 4 = J 4t5 = 9.6 Hz, H-4a). 2.07 (s, 3H. 
C(0)CH 3 ), 1.32 (d. 3H. J s%6 = 6.2 Hz, H-6c). and 1.28 (d, 3H, J 5 , 6 = 6.2 Hz. H-6a); '3q 
8175.3(C(0)). 102. 7 (C-lo, J — 163 Hz), 102.0 (C-l c J = 170 Hz). 100.5 (2Q C-1 A , 1 E ,J = 
170 Hz). 82.3 (C-3d), 81.8 (C-4d. 79.3 (C-2a). 76.7 (C-4e). 73.6 (C-3e), 73.1 (C-4a). 72.6 
(C-5e). 72.4 (C-2e), 71.8 (C-2c>. 70.7 (C-3a), 70.1 (C-5 D ), 69.7 (C-3c), 69.3 (C-5a). 69.2 (C- 
4 D ). 68.9 (C-5d, 61.4 (C-6 D ), 60.9 (C-6e), 56.4 (C-2 D ). 55.6 (OCH3), 23.0 (C(0)CH 3 ). 17.5 
(C-6a). and 1 7.3 (C-6q). FABMSfor C 2 7H 47 NOi 9 (M, 689.3) m/z 712.2 fM+NaJ + . 

3*4-Di-0-benzyI-2-0-chIoroacetyl-a-i J -rhamnopyranose (XX). 1,5-Cyclooctadiene- 
bis(methyldiphenylphosphine)iridium hexafluorophosphate (Ir(I), 25 mg) was dissolved in dry 
THF (5 mL) and the resulting red solution was degassed in an argon stream. Hydrogen was 
then bubbled through the solution, causing the colour to change to yellow. The solution was 
then degassed again in an argon stream. A solution of XX (3.28 g, 7.12 mmol) in THF (30 mL) 
was degassed and added. The mixture was stirred overnight at rt, and a solution of iodine (3.6 
g, 14.2 mmol) in a mixture of THF (70 mL) and water (20 mL) was added. The mixture was 
stirred at rt for 1 h, then concentrated. The residue was taken up in CH 2 C1 2 and washed twice 
with 5% aq NaHS0 4 . The organic phase was dried and concentrated. The residue was purified 
by column chromatography (solvent B, X:X) to give XX (2.53 g, 85%) asa slightly yellow 
foam. , [a] D +25° (c 1.0): 'H NMR: 8 7.40-7.28 (m, 10H, Ph), 5.57 (bd. 0.2H, H-2p), 5.45 
(dd, 0.8H, J,, 2 = 2.0 Hz, H-2a), 5.13 (bd. 0.8H, H-la), 4.92 (d, 1H, J = 10.9 Hz, OCH 2 a, 
OCH 2 fl), 4.79 (d, 0.2H, J = 11.2 Hz, OCH 2 p), 4.74 (d, 1H, J = 1 1.2 Hz, OCH 2 a, H-ip), 4.65 
(d, 0.8H, OCH 2 a), 4.64 (d, 0.2H, OCH 2 p), 4.58 (d, 0.8H, OCH 2 a), 4.54 (d, 0.2H, OCH 2 p), 



4 



LMPPl l-exp-brevet-penlaOMo 



CA. 02434668 2003-07-07 



m « f ' , , r ' ^ °' 2H ' CH2Cm 4 20 * L6H ' CW* 4.08 

(dd, 0 8H, J 2J = 3.3, J 3 , = 9.6 Hz, H-3a), 4.04 (dq, 0.8H, J 4tS - 9.5 Hz, H-5a), 3.66 (dd, 0.2H 

J 2l3 - 3.2, J 3(4 = 8.7 Hz, H-3P), 3.44 (pt, 2H, H-4a, 5 p, OH-la, 1 P), 3.38 (pt, 0.2H, J 4 <= 9 5 Hz' 

H-4P), 1.37 (d, 0.6H, J 5>6 = 5.7 Hz, H-6 P ), and 1.34 (d, 2.4H, J s . 6 = 6.2 Hz, H-6a); »C NMR 

616T8 (OOP), 167.4 (OOa), 138.6-128.2 (Ph), 93.0 (C-ip), 92.4 (C-la), 80.3 (C-4a), 80 2 

C-3PX 79.6 (C-4P), 77.8(C-3a), 75.9 (OCH 2 p), 75.8 (OCH 2 a), 72.5 (OCH 2 a), 72 3 (0AC C 

1 ^ (C ' m ' (C - 2C °* 68 ' 2(C - 5a) ' 413 < CH2C,a » CH * C1 P>. •* I" (C-60C, 
6P); CIMS for C 70 H 76 O 16 (M, 1172.51) tn/z 1190.8 [M+NH 4 ] + . 

Anal. CalcdforC 70 H 76 O, 6 : C, 71.65; H, 6.53%. Found: C. 71.52; H. 6.56%. 

a^Di-a-benzyl-l-O-chloroacetyl-a-L-rhanuiopyranosyl Trichloroacetimidate (XX). The' 
hermacctal XX (700 mg, 1.66 mmol) was dissolved in CH 2 C1 2 (6 mL) and the solution was 
cooled to 0°C. Trichloroacetonitrile (1.7 mL) and DBU (26 uL) were added. The mixture was 
stnred at rt for 2 h. Toluene was added, and co-evaporated twice from the residue. The crude 
material was purified by flash chromatography (solvent B 4:1 + 0.1% Et 3 N) to give XX as a 
white foam (687 mg, 73%, o/ P : 4/1). Mo (c 1.0); 'H NMR (a-anomer): 8 8.71 (s 1H 
NH) 7.40-7.30 (m, 10H, Ph), 6.24 (d, 1H, J w - 1.8 Hz, H-l), 5.57 (dd, 1H, H-2), 4.94 (d H J 

*22 (s 2H, CH 2 CI), 4.04 (dd, 1H, J M - 3.2 Hz, H-3), 3.99 (da, 1H, I 4 ,= 9.6 Hz, H-5), 3.53 <£ 
1H, H-4), and 1.37 (d, 3H, J Sl6 = 6.2 Hz, H-6); »C NMR (a-anomer): p 166.9 (C=0) 160 4 
(C=NH), 138.4-128.3 (Ph), 95.2 (C-l), 91.1 (CCI 3 ), 79.5 (C-4), 77.6 (C-3), 76 1 72 9 (2C 
OCH 2 ), 71.2 (C-5), 69.8 (C-2), 41.1 (CH 2 C1), and 18.3 (C-6). * ' 

Anal. CalcdforC 7Q H 76 0, 6 : C, 71.65; H. 6.53%. Found: C, 71.52; H. 6.56%. 



Allyl (2,3,4,6-tetra-O-beiuyl-a-D-gta^ 

a-i.rhamnopyranoside (XX). To a solution of the known XX (7.10 g, 8.55 mmol) in a 
mixture of DCM (40 mL) and pyridine (5 mL) at 0«C was added chlon>acetic anhydride (3. 
65 g, 21.3 mmol), and the mixture was stirred at this temperature for2 h. TLC (solvent C, 9:1) 
showed the complete disappearance of the starting material. MeOH (10 mL) was added', and 
after 30 mm, volatiles were evaporated. Column chromatography (solvent B, 1:0 -> 4-'i) of 
the crude yellow oil afforded XX as *JgOQCXX{13A g, 95%). [od D +25* (c 1.0); <H NMR: 6 
8.12-7.13 (m, 25H, Ph), 5.95 (m, IH, CH AII ), 5.50-5.42 (m, 2H, J„= 3.6 Hz, H-2 C , 3 C ), 5.37 
(m, 1H, CH 2A „), 5.28 (m, 1H, CH 2All ), 4.96 (d, 1H, J = 1 1.0 Hz, OCH 2 ), 4.93 (d, 1H, J 12 =l 5 
Hz, H-lc), 4.90 (d, 1H, J U = 3.3 Hz, H-1 B ), 4.87-4.81 (m, 3H, OCH 2 ), 4.67 (d, 1H, J = 12 1 
Hz, OCH 2 ), 4.64 (d, 1H, J = 12.8 Hz, OCH 2 ), 4.47 (d, IH, J = 10.8 Hz, OCH 2 ), 4.43 (d, 1H J 
- 12.0 Hz, OCH 2 ), 4.25 (m, IH, OCH 2All ), 4.09 (d, IH, J = 15.5 Hz, CH 2 C1), 3.99-3.93 (m 
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3H, CH 2 C1, H-5 C , 3 C ), 3.84 (m, IH, H-5 E ), 3.78-3.74 (m, 2H, H-6a E , 4 E ), 3.70 (pt, 1H, J 4iS = 
J 3 , 4 = 9.3 Hz, H-4c), 3.58-3.54 (m, 2H, H-6b E , 2 E ), and 1.50 (d, 3H, J Sl6 = 6.2 Hz, H-6 C ); ,3 C 
NMR: £1 67.0 (0=0, ClAc), 1 66.0 (C=0, Bz), 1 39. 1-128.0 (Ph, All), 1 1 8.5 (All), 99.5 (C-1 E ), : 
96.8 (C-lc), 81.9 (C-3 E ), 81.0 (C-2 E ), 79.7 (C-4 C ), 77.7 (C-4 E ), 76.0, 75.4, 74.1, 73.8 (4C, 
OCH 2 ), 73.5 (C-3 C ), 71.8 (C-5 E ), 70.9 (C-2 C ), 68.8 (OCH 2A „), 68.1 (C-6 K ), 67.7 (C-5 C ), 41.5 
(CH 2 C1), and 18.6 (C-6 C ); FAB-MS for C52H55O12 (M, 906.5) m/z 929.3 [M+Na]+. 
Anal. Calcd forC 52 H ss C10, 2 : C, 68.83; H, 6.11%. Found: C, 68.74; H, 6.19%. 

(2,3A6-Tetra-£?-benzyl-a-D-glucopyranosyI)-(l-^4)-2-0-benzoyl-3-0-chloroacetyta/p-L- 
rhamnopyranose (XX). A solution of XX (7.21 g, 7.95 mmol) in THF (80 mL) containing 
activated iridium complex (60 mg) was treated as describd for the preparation of XX. The 
mixture was stirred at rt for 3 h, at which point a solution of iodine (4.0 g, 15.7 mmol) in a 
mixture of THF (90 mL) and water (24 mL) was added. The mixture was stirred at rt for 30 min, 
then concentrated. The residue was taken up in CH 2 C1 2 and washed twice with 5% aq NaHS0 4l 
then with brine. The organic phase was dried and concentrated. The residue was purified by 
column chromatography (solvent B, 4:1) to give XX (6.7 g, 97%) as a slightly yellow foam. 
[ a] D +25° (c 1.0); 'H NMR: S 8.10-7.09 (m, 25H, Ph), 5.47 (dd, 1H, J 2>3 = 3.5, J 3(4 - 9.3 Hz, H- 
3 C ), 5.41 (bs, 1H, H-2 C ), 5.03 (bs, 1H, H-l c ), 4.94 (d, 1H, J = 10.9 Hz, OCH 2 ), 4.87 (<L 1H, J u 
- 3.4 Hz, H-1 E ), 4.85 (d, 1H, OCH 2 ), 4.80 (m, 2H, OCH 2 ), 4.64 (m, 2H, OCH 2 ), 4.45 (d, 1H, J = 
10.7 Hz, OCH 2 ), 4.41 (d, HI, J - 12.1 Hz, OCH 2 ), 4.16 (dq, 1H, J 4>5 = 9.3 Hz, H-5 C ), 4.09 (d, 
1H, J = 15.6 Hz, CH 2 C1), 3.96 (d, 1H, CH 2 C1), 3.93 (pt, IH, H-3 E ), 3.83 (m, 1H, H-5 E ), 3.77- 
3.68 (m, 2H, H-4 E , 6a E ), 3.65 (pt, IH, H-4 C ), 3.54 (m, 2H, H-6b E , 2 E ), and 1.48 (d, 3H, J 5 , 6 = 6.2 
Hz, H-6 C ); l3 C NMR: §167.0 (C=0, ClAc), 166.0 (C=0, Bz), 139.1-127.9 (Ph), 99.5 (C-1 E ), 
92.3 (C-lc), 81.9 (C-3 t ), 81.0 (C-2 E ), 79.9 (C-4 C ), 77.6 (C-4 E ), 76.0, 75.6, 74.2, 74.1 (4C, 
OCH 2 ), 72.1 (C-3c), 71.7 (C-4 E ), 71.1 (C-2 C ), 68.0 (C-6 E ), 67.5 (C-5 C ), 41.5 (CH 2 C1), and 18.9 
(C-6 C ); FAB-MS for C 49 H S iClC»i 2 (M, 866.3) m/z 889.3 [M+Na] + . 

Anal. Calcd for C 49 H 5 iC10, 2 : C, 67.85; H, 5.93%. Found: C, 67.72; H, 6.00%. 

(2,3A6-tetra-O-benzyI-a-D-glucopyranosy0K1^4)-2-O-beiizoyl-3-O-chloroacetyl-a-L- 
rhamnopyranosyl trichloroacetimidate (XX). Trichloroacctonitrile (1.1 mL, 10.9 mmol) and 
DBU (17 uL) were added to a solution of the hemiacetal XX (950 mg, 1.09 mmol) in dry DCM 
(8 mL), and the mixture was stirred at 0°C for 1.5 h. Toluene was added, and volatiles were 
evaporated. The residue was purified by flash chromatography (solvent B, 3:2 containing 0.1% 
Et 3 N) to give XX (930 mg, 84%) as 3.XXXXXXX. Further elution gave some remaining starting 
material XX (136 mg, 14%). [a] D +25° (c 1.0); 'H NMR: 5 8.76 (s, IH, NH), 8.12-7.17 (m, 
25H, Ph), 6.34 (d, IH, J 1>2 = 1.5 Hz, H-l c ), 5.67 (dd, IH, H-2 C ), 5.54 (dd, IH, J 2>3 = 3.4, J 3>4 = 8.8 
Hz, H-3 C ), 4.98 (d, IH, OCH 2 ), 4.88 (d, IH, J I(2 = 3.4 H-1 E ), 4.84 (d, IH, J = 11.1 Hz, OCH 2 ), 
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i 82 ^ 8 ' J " ' 11 ° CIt) - 465 (d ' 1H - 0CB A «2 (4 1H, OCHJ. 4 44 <d XH J -= 1 1 4 
H,,OCH J ),4.4I(d,m,J. 1I . 8 H 2 ,OCHA4.I4(d,,lH,J w = 9.5Hz H5d 4n« .H 

CM* .65.7 (OO.Bz). ,69.6 (C-NH), ,39.0027.9 (Ph), 99.9 £,.), 952(^, c f^ T£ 
W . 80.9 (C2 E ), 79.0 (C4c), 77.6 (C-4rf, 76.0. 75.6, 74.2, 73.8 (4C, Oc") » 0 CC 3e> \f 9 

N, ,.34^' forCjlHj ' CW °- : * ««* H, 5.08; N, ..38*. Found: C , 60.49^ 5.0 1; 

11* ... (w ' 4,fr ^^ bc,, ^ | -^ ,h 8i»»py''«'<«y9-(i-»4M2-^b™z.vi.3.o. 

^rTr ide ^ The — »* ** < 5o ° «• «* — * « di»„D« 

(5.5 mL) and 4A-MS (300 me) were added Th* , , ««*oivea in utM 

15 min TMSOTf t T W8S COoled to - 60 ° C ^ stirred for 

15 nun TMSOTf (35 »L, mmol) and a solution of the disaccharide donor XX (2 39 e 2 36 

mmol) m DCM (7.5 mL) were added. The mixture was stirred for 45 2 2 2 & " 
ba* was coming back to „ ^ for more 3 h ^ £ ^^^Jf 

column ^mato^cLJt^ JJ ^SS^tSS 
Mo fc 1.0); 'H NMR: 8 8.06-6.93 (m, 25H PhUlR M m r ? a <*22232f. 

11-4 Hz, OCH 2 ), 4.47 (m, 3H, H-3 D> OCH 2 ), 4.22 (dq, 1H J„= 94 j - 6 V H „ , , ' 
(C-1 D , J ra < 164 Hz), 99.9 (CM*), 99.4 <C1„ JcH > ,„ 5 Hz „ , , r , , ^ '° U 
N, , ^ fM C " HmCINO " : C ' «■«* «• «* K Found: ^ „, ^ 
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Methyl ^ 3 A 6 " te ^-0-ben^l-o.D-glucopyrano S yOKl^H2-^ben2oyl^.L. 
' ha ™opyra»osyQ^3>2-acetan^^ 

(XX). To a solution of the fully protected XX (1.40 g, 1.25 mmol) in a mixture of methanol (18 
mL) and pyridine (18 mL) was added thiourea (951 mg, 12.5 mmol). The mixture was stirred at 
65 C for 5 h at whieh time no TLC (solvent D. 4:1) that no starting material remained. 
Evaporation of the volatiles and co-evaporation of petroleum ether form the residue resulted in a 
crude solid which was taken up in a minimum of methanol. A large excess of DCM was added 
and the mixture was left to stand at 0°C for 1 h. The precipitate was filtrated on a pad of Celite 
and the filtrated was concentrated. Column chromatography of the residue (solvent C, 4-1) gave 
the trisaccharide acceptor XX (1.28 g, 97%) as a XXXX. faJ D +25" (c 1.0); 'H NMR: 8 8 10- 
6.96 (m, 25H, Ph), 6.09 (d, 1H, J NH . 2 = 7.9 Hz, NH D ), 5.26 (dd, 1H, J u - 1.6. J w = 3.4 Hz' H- 
2c), 4.97 (m, 3H, H-l c , t E , OCH 2 ), 4.86 (m, 3H, H-1 D , OCH 2 ), 4.81 (d, 1H, OCH 2 ), 4.72 (d 1H 
OCH 2 ), 4.58 (d, 1H, J = 12.2 Hz, OCH 2 ), 4.51 (d, 1H, J = 10.9 Hz, OCH 2 ), 4.48 (d 1H J = 12 2 

m Z C ? Z \ 4 f (Pt * ^ = '** = 9 4 H_3d) * 4 - 1SM - l ° (m > 2H * H " 5 * 5h), 4.06O.95 (m, 

m f» r' ! 3 ' 8 ° J5,6b = W 1M ^ 3 66 < m * 2H ' H ' 6a B. ft* 3.62 

(dd, ^H,J 2 .3 = 9.8,J li2 =4.1Hz,H-2 E ), 3.59 (pt, 1H, J 3( 4 = J« = 8.9Hz,H-4 B ),3.55(pt, 1H J 34 = 

ml ^, « ^ 3 ' 51 ^ 1H ' ' M = J4 ' 5= 9 3 HZ ' H_4c) ' 3 ' 49 (s ' 3H " OCH ^ 2 ' 22 3H, 
NHAc) 1 90 (bs, IH, OH). 1.49 (s, 3H. CMe 2 ), 1.43 (s, 3H, CMe,), and 1.40 (s, 3H. h = 6.2 

Hz. H-6 C ); ,3 C NMR: 8171.8, 166.6 (2C, C=0), 138.9-128.1 (Ph), 101.6 (C-1 D ), 99 8 (CMe,) 

98.6 (C-Ih*), 98.3 (C-l c *). 85.4 (C-4c). 82.0 <C-3 E ), 80.4 (C- 2e) , 78.2 (C-4b), 77.1 (C3 D ) 75 9 

67 sJcf^ ^ h) ' ^ ^ ^ 717 ^/69^/^lcS 

19.7 (CMe 2 ), and 18.2 (C-6 C ); FAB-MS for C 59 H 69 NO l6 (M, 1047,5) m/z 1070.4 [M+Na]+ 

AnaL Calcd for C70H 76 O 16 : C, 67.61; H, 6.64; N. 1.34%. Found: C, 67.46; H, 6.78; N, 

Methyl 0+*HH»*W>^^ 

<l-+3>-^acetamido-2-deoxy-3,4^^ (XX). The 

trisaccharide acceptor XX (615 mg, 0.58 mmol) was dissolved in Et 2 Q (10 mL) and the solution 
was cooled to -60°C TMSOTf (32 uL) and donor XX (497 mg, 0.88 mmol) in Et 2 0 (12 mL) 
were added, and the mixture was stircd for 1 h while the bath was slowly coming back to -20°C 
The mtxture was stirred for 4 h at this temperature, then at 0°C overnight. More XX (50 mg 88 
Mmol) was added, and the mixture was stirred at rt for 3 h more at 0°C. Et 3 N was added and'the 
mtxture was concentrated. Column chromatography of the residue (solvent B, 9:1 - 1:1) gave 
he orthoester XX (44 mg, 5%) then the fully protected XX (445 mg, 52%) contaminated with 
the tnmethylstlyl side product XX (XX/XX: XX:XX) together with a mixture of XX and XX (65 
mg, 8/o), and the starting XX (27 mg, 4%). Compound XX (alpha) had f a J D +25" (cloy »H 
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NMR: 8 W7-7..2 („, » ,Ph), 5.96 (d, ,H, W 7.9 Hz, NH D ), 5.82 ( m , ,H, H-2 C ). 533 (dd. 
H, J„- 3.2 Hz, H-2 B ). 5.07 (m, 1H, J u - 3.2 Hz, H-U), 5.05 (d, 1H, J, 2 - 1.7 Hz H-le) 4 98 

riv, r (bs - iH - H - u> - 4 - 91 - 4 - 78 (m - sh - h -'- ° ch * 4 « «■ - » - * 

hTh 3 w^ir, J 1 -, 00 " 2 '- 436 (d - j ■ 1 '- 9 *■ oai2) - 4m «• ,h - j " - j »- w 

ch cn 4 ,n J ^ ? • " " 34 H2 ' H " 3b)> 416 (d - J - 151 *• CH > CI >- *■» <* 

4H ^ t 1 ( f; * **" ** '°- 8 ^ 389 <"•• 1H > 3-^.68 " ro . 

1 ™" = 21 H " 2S> - 3 49 (S> 311 0CHj) - 3 39 < m - 1H - H -S°>. WO (m, 2H, H-2„, 

4C2.12fe 3H.NHAc), 1.52 (s. 3H, CM*). , .42 ( s , 3H, CM*), ,.33 (d, 3H, 6.2 Hz, H 

CH 2 C1,, i 66 .3 (c =o, Bz), 138.8-128.0 (Ph), 101.4 (C-,„, fa, = 164 Hz), 99.9 (CM*) 99 3 

znrJ. 68 ^ 9 " (C "' E ' ,C " " 168 9? - 9 (tM * ,c " " 82-1 (C-3,0, 81.8 C 

2d 80.4 (bs, C-3z), 80.0 (C-4c), 78.8 (b,, C-4,.), 78.3 pvi 77.7 (C-3C-), 76.9 («„), 75 9 
75.5, 75.3, 74.3 (4C. OCH 2 ), 73.4 (C-4„), 73.2 (OCH,), 72.7 (C-2,). 72.! (C-5„) 69 1 C-5 C ) 

ul^f;:^r <c - sd) - 591 (c - 2d) ' 575 (om * 4i - 4 ~ ^5 (£S 

^.n ui ; [ L c ^ ] v 8 - 8 (C - 6ri - and ,8j pab - ms - 

1.0154. Ca ' Cd C " li " Na °" : °- 67 05; "• N - »•«*• ■""»>* C, 66.21; H. 6.46; 
Compound XX (orthozster) had Mo *25- (c 1.0); 'H NMR: s 8.07-7.15 (m, 35H, Ph). 5.47 
7 * NHd> ' 5 45 °* 1Hl H " 2cX 5 42 <* ,H - '« " " Hz, H-l 8 ), 5.24 (d, IH, 
H , ft it? 4 ^ ,U " 82 H ' lD) ' 49 '- 4 - 82 7H - «0 (d, 

i ^ • w z.^ * 4 75 (d> J _ 1 16 ^ 468 1H - J u ' 2.4, J; , = 4.0 Hz 

4 M L m" 4 ', 47 4H, o 0CH!> ' 444 " 4 - 32 ^ 4H ' H - 5& 3 - 3c ' OCH * 415 H-5c). 
4.05 ft* IH, j ;j - J„ = 9.5 Hz. H-3rf, 4.03 (pt, IH, J„ - J„ = 9.4 Hz, H^c), 3.94 (dd, IH 

Z ~6 ; «z !t ^ 3 - 83 "" 5 (m> 3 74 - 3 "' (■»• 3H 

i i z M. 142 < S - 3H ' CM ^- '•36(s.«H.CMo ! ,H^c),and 1.30 (s, 3H, J ss -6 3 

Hz, H.*0;»c NMR: 5.71.8 (OO, NHAc), X66.4 (CO, Bz), 139.,-,22.5 (Ph , .0 .0 (C " 
„,- .65 Hz), 99.7^), ,8.3 (Cc, fa,. ,72 Hz), 97.8 (bz, C-I a , Jc „= ,70Hz), 97 5 £ 

C 2 T 76 1 r ff ^ 80,7 fC " 2E> ' ?9 - 3 ** 788 (C - 3o) - 781 » S ' 77.3 

(OCH 2 ), 71.0 (C-3 D ), 70.7 (2C, C-5,, 5 B ), 69.0 (C-5 C ), 68.8 (C-6z) 67 2 (C-5r,> 62 5 ,c f. i 
^ (C-2 0 ), 57.6 (OMo), 46.9 (CH.C0. 29.5 (CM*), 23.9 oLcf S ^ ^0 ' 
znd ,8.4 (C-6,:): FAB-MS for CH^NClft, (M, 1449.5) mA ,472 , fM+Na] + 
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AnaL Ca.cd for C« 1 H 92 NCi0 2r H 2 0: C, 66.23; H, 6.34; N, 0.96%. Found: C, 66.11; H, 



6.62; N, 0.85% 



dmOCa8e 0rth ° eSter S£Ul ° U blen m4lange ^oester issu <tu couplage dattS 
des proportions connues au ddpart.(644 11-12 par ex) 

n f^ ACeW ' 4 - di -°- ben ^-«-^ 
bc„zyl-a-D^Iuco P yrano sy Kl^ 4 ),^. 0 . ben2oyl . a ^ 

lt™r y ' 3 ^ The trisaccharide 

to Tc « ^ ^ diSS ° lVed 10 DCM (5 iBd the S ° lution was -led 
40 C. TMSOTf (21 uL) and donor XX (328 mg, 0.62 mmol) were added and the mixture 

was left under stirring while the bath was slowly coming back to rt. After 5 h, more £S 
mg 94 ^mol) was added and the mixture was stirred at rt for 1 h more at rt. Et 3 " Z 
andmcnuxturo was concentrated. Column chromatography of the residue (solvent B 41 -> 

M 7 P T ed ** "* ?2%) "** c — ted with the corresponding 

: 1 ? uct ** The xxxx ratio was estimated - be «** " 

FAB-MS for CHmNO,, (M, 1415) XXXX [M+NaJ*. Ko/rs/p^^^w 

6.67; N^T* 1 C - «"* «• «* N. 0.98%. Found: C, 67.64; H, 

Methyl (J^DUO-b™^,,^.,^,,,,,^, 

d» 1 y-3,4.0H S „pr.p y l,d H ,e.p-D^ tocopyrMosid. (XX). (a) Thiourea (362 mg 4 76 mmol) 

!H i u heMed OV ' ^ " 8h, " S5 ° C V ° ,MiI « »<« evaporated and 

Ore aoltd res-due thus obtained ™ ^ „ p in minimum ofMcOH DCM J^J ^ 

C toe, «, Ute „ ltia te waa concentrated. Coinmn chromatogmphy of u,. ^due (sohL B 

fIL aCC ° ! " 0r XX ( ' 07 ■» »» - «» Product 

XX^and £££ *" ^ "* » % > *— » of 

md DCM (100 pL). A freshly prepared 0.4M edunolic solution of guanidine (92 uL 37 umol 

Z^^T" Tf^ " " °™ mi8h '- Vo "^ — %— S rJ2£Z£ 

Qui - . T ^ ^ ° rganic "»» «■ «- and concentrated 

Column chromatography of the crude product gave XX (42 mg. 83%). Compound XX Z 
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RMNafaire 

FAB-MS for C 79 H 9 ,NO 20 (M, 1373) m/z 1396.5 [M+Na]+. 

AnaL Calcd for C 7 oH 9I N0 20 0.5 H 2 Q: C, 68.56; H, 6.65; N, 1.01o/ 0 . Found: C, 68.53; H, 



6.71; N, 1.01%. 



Methyl (2-^Acetyl-3,4^ben^ 
bemyl-a-D-glucopyranosyKl^^-^enzoyl-a-^chlo^ 
rhaamopyranosylHl^^-acetanrido-Z-deoxyOAO-isopropyUdene-p-D- 
^«copyranoside (XX). 4A Molecular sieves and TMSOTf (16 uL) were added to a solution 
of the tetrasacchande acceptor XX (406 mg, 0.29 tnmol) in Et 2 0 (10 mL), and the mixture 

- r° for 30 min - The do ™ ** »* o.4 4 mmo ,) in DCM (7 

Tt ^ StilTed f ° r 1 h WWle ^ bath was reaching rt After a 

Tr^r h , at * 1S ; e T ratUre ' m ° re ** (5 ° mg ' 94 ^ moI > Was ad **> and the mixture was 
tared for 1 h before Et 3 N was added. Filtration through a pad of Cclite and evaporation of 
the vo awes gave a residue which was column chromatographed twice (solvent B, 4:1; then 
7^^° ^ ^ ^ m& 52%)J [<X]D +25 ° < C '« NMR: 8 8.07-7.13 (m, 

!) 3 8^ 6 8 T « W ( ™' 4H f 2B ' 3 °' ° CHz >' 42 °- 3 - 96 ™' H-5 E , 5 A , 3 C , 3 E , 6a,, 5 C , 
3 A X 3.87-3.68 (m, 6H, H-4 E , 6a R , 6b Ej 6b D , 4 C . 3 B ), 3.64-3.47 (m, 7H, H-5 B , 4 D 2 E 4 A 

^S"^,^" 4 * J - = 9 ^H-4 B ),3,7 m, 1H 13 

(s, 3H, NHAc), 1.49 (s, 3H, CMe 2 ), 1.43 (s, 6H, CMe 2 , H-6 C ). 1 .33 (d, 3H, J S6 = 6 1 Hz H- 

6 r2^^ ,M " ^ * H - 6B); NMR: 6 1719 «> 0 * NHAOU70.3 (™). 
Hz) 998^ 

3e), 82.1 (C-2 E ), 80.5 (C-4 A ), 80.2 (C-3 C ), 80.1 (C-4b), 79.4 (C-3 B *), 78 1 (2C C-4 B * 3 ^ 
78.0 (C-4C), 76.6 (C-3 D ), 75.9, 75.8, 75.4 (3C, OCH 2 ), 74.8 (2C, cl <^^ ( ^ 
73.4 (OCH 2 ), 73.2 (C-2 C ), 72, (OCH 2 ), 71.8 (C-5 A ), 71.2 (OCH ), 69 4 (S) 21 C-5 * 
68.9 (C-6 E ), 68.7 (C-5 C ), 67.8 (C-5 E ), 67.5 (C-5 D ), 62.7 (C-6 D ), 59 6 (C-2 d) 57 6 (0^29 5 

zv:°r~ c) ' 2,4 (oac)> i9 - ? (cMe2) - i9 -' i« W - s 

FAB-MSforC I0 ,H II5 NO 2 5(M,174l.7)Wrl765.9[M+Nar. 

Anal. Calcd for C.o.H, .sNO*: C, 69.60; H, 6.65; N, 0.80%. Found: C, 69.56; H, 6.75; N, 



0.73%. 



Methyl "-^»"»o Pyran ^ 

TFA (1 u,L was added at 0°C to a solution of the fully protected pentasaccharide XX (155 mg 
89 pmol) delved in DCM (4 mL). After 1 h at this temperature, volatiles were evapora^T 
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The residue was taken up in 0.5M methanolic sodium methoxide (8 mL) and the mixture was 
heated overnight at 55°C, Neutralisation with Dowex X8 (H 4 ), evaporation of fee volatiles, and 
column chromatography of the residue gave XX (121 mg, 98%). Compound XX (111 mg, 81 
Hmol) was dissolved in a mixture of ethanol (13 mL) and ethyl acetate (2.6 mL) containing IN 
aq HC1 (130 yL). Palladium on charcoal (130 mg) was added and the suspension was stirred 
under a hydrogen atmosphere for 2 h. Filtration of the catalyst and reverse phase 
chromatography gave the target pentasaccharide (60 mg, 88%) as a slightly yellow foam. RP- 
HPLC purification (solvent XX, XXX) followed by freeze-drying gave pure XX (36 mg). 
RMN 

HRMS (MALDI) Calcd for C33H57NO23 + Na: 858.3219. Found: 858.3089. 
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Preparation of chemically defined glycopeptides as potential synthetic conjugate 
vaccines against Shigella flexneri serotype 2a disease 1 



Abstract 



INTRODUCTION 

Since the discovery of Shigella dysenteriae type 1 (Shiga's bacillus) more than a 
century ago, Shigellosis or bacillary dysentery has long been known as a serious infectious 
disease, occurring in humans only. 3 In a recent survey of the literature published between 
1966 and 1977, 4 the number of episodes of shigellosis occurring annually throughout the 
world was estimated to be 164.7 million, of which 163.2 million were in developing 
countries. Up to 1.1 million annual deaths were associated to shigellosis during the same 
period. Of the four species of Shigellae, Shigella flexneri is the major responsible of the 
endemic form of the disease, with serotype 2a being the most prevalent The critical 
importance of the development of a vaccine against Shigellae infections was first outlined in 
1987. ^ue to increasing resistance of all groups of Shigellae to antibiotics, 6 it remained a 
high priority as stated by the World Health Organization ten years later. 7 In the meantime, 
several experimental vaccines have gone through field evaluation, 8 - ,0 but there are yet no 
licensed vaccines for shigellosis. 

Shigella's lipopolysaccharide (LPS) is a major surface antigen of the bacterium. The 
corresponding O-specific polysaccharide domain (O-SP) is both an essential virulence factor 
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and the target of the infected host's protective immune response. u,,2 Indeed, using the 
pulmonary murine model for shigellosis, it was recently demonstrated that secretory IgA 
specific for the O-SP of S. flexneri serotype 5a were protective against an homogolous 
infection when present locally prior to the challenge. "Based on the former hypothesis that 
serum IgG anti-LPS antibodies may confer specific protection against shigellosis, '"several 
polysaccharide-proteine conjugates, targeting either Shigella sonnet, S. dysenteriae 1 or S. 
flexneri serotype 2a, were evaluated in humans. ,0 ' l5 m the case of 5". sonnei, recent field trials 
allowed Robbins and co-workers to demonstrate the efficacy of a vaccine made of the 
corresponding detoxified LPS covalently linked to recombinant exoprotein A. ''Conversion of 
polysaccharide T-independent antigens to T-depend ones through their covalent attachment to 
a carrier protein had a tremendous impact in the field of bacterial vaccines. Several such 
neoglycoconjugate vaccines are currently in use against Haemophilus influenzae, "Neisseria 
meningitidis, '"and Streptococcus pneumoniae. "These polysaccharide-protein conjugate 
vaccines are highly complex structures, whose immunogenicity depends of several parameters 
amongst which the length and nature of the saccharide component as well as its loading on the 
protein. It is reasonably admitted that control of these parameters is somewhat difficult when 
dealing with polysaccharides purified from bacterial cell cultures. As recent progress in 
carbohydrate synthesis allows access to complex saccharides, it was suggested that the use of 
well-defined synthetic oligosaccharides may allow a better control, and consequently the 
optimisation, of these parameters. Indeed, available data on S. dysenteriae type 1 indicate that 
neoglycoconjugates incorporating di-, tri- or tetramers of the O-SP repeating unit were more 
immunogenic than a detoxified LPS-human serum albumin conjugate of reference. ^Besides, 
recent reports demonstrate that short oligosaccharides comprising one repeating unit or less 
may be immunogenic in animal models. 2K22 Another critical parameter in the design of 
neoglycoconjugate vaccines is the carrier protein. As potential applications for these vaccines 
are expanding, the need for new carrier proteins licensed for human use is growing. 23 That 
synthetic peptides representing immunodominant T-cell epitopes could act as carriers in 
polysaccharide and oligosaccharide conjugates has been suggested, 24 and latter on 
demonstrated. 2W6 Besides, the use of T-cell epitopes offer several advantages, including 
potential access to well-defined conjugates with no risk of epitopic suppression, as the latter 
phenomenon appeared as a major drawback of protein carriers. "-^Polypeptides containing 
multiple T-cell epitopes have been generated in order to address the extensive polymorphism 
of HLA molecules. 3,J2 In other strategies, universal T-helper epitopes compatible with human 
use have been characterized, for example ftom tetanus toxoid, M or engineered such as the pan 
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HLA DR-binding epitope (PADRE). "Recently, covalent attachment of the human milk 
oligosaccharide, lacto-AMucopentose n, to PADRE resulted in a linear glycopeptide of 
comparable immunogenicity to that of a glycoconjugate employing HSA as the carrier. 35 
Based on these converging data, we focused on the development of well-defined 
neoglycopeptides as an alternative to polysaccharide-proteine conjugate vaccines targeting 
infections caused by S. flexnert 2a. The target neoglycopeptides were constructed by 
covalently linking a short peptide, serving as a T-helper epitope, to appropriate carbohydrate 
haptens, serving as B epitopes mimicking the S. flexnert 2a O-Ag. Our approach is based on 
rational bases involving a preUminary study of the interaction between the bacterial O-SP and 
homologous protective monoclonal antibodies, which helped to define the carbohydrate 
haptens. 



RESULTS AND DISCUSSION 

A B E c D 

2)-a-L-Rhap.(1^2>a-L-Rha^(1^3)-[a-D-Glcp-(1^4)]-a-L-Rha^-(1^3)-P-D-GlcNAc^(l-» 

I 

The O-SP of S. flexnert 2a is a heteropolysaccharide defined by the pentasaccharide repeating 
unit I. 36 "lt features a linear tetrasaccharide backbone, which is common to all S. flexnert O- 
antigens and comprises a ^-acetyl glucosamine (D) and three rhamnose residues (A, B, C) 
The specificity of the serotype is associated to the a-D-glucopyranose residue linked to 
position 4 of rhamnose C. Besides the known methyl glycoside of the EC disaccharide, 
set of di- to pentasaccharides corresponding to frame-shifted fragments of the repeating unit I, 
^an octasaccharide 44 and more recently a decasaccharide" representative of fragments of & 
flexnert 2a O-SP have been synthesized in this laboratory. Based on the use of these 
compounds as molecular probes for mapping at the molecular level the binding characteristics 
of a set ofprotective monoclonal antibodies against S. flexnert 2a infection, ^fragments ECD, 
B(E)CD and AB(E)CD were selected as haptens that will act as B-epitopes in the conjugates! 
Three fully synthetic linear neoglycopeptides 1, 2 and 3, corresponding to haptens ECD, 
B(E)CD, and AB(E)CD, respectively, were synthesized according to a strategy built up on 
the concept of chemoselective ligation which allows the selective one-point attachment of the 
free B and T epitopes in aqueous media. All conjugates involve the peptide PADRE as the 
universal T-cell epitope. 
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Scheme 1: 

Retrosynthetic analysis of the saccharidic haptens (Scheme 1): Analysis of S. flexneri 2a O- 
SP suggests that, due to the 1,2-cis glycoside linkage involved, construction of the EC 
disaccharide is probably the most demanding. Besides, prior work in this laboratory has 
shown that the C-D glycosidic linkage was an appropriate disconnection site when dealing 
with the blockwise synthesis of oligosaccharide fragments of S. flexneri 0-2a SP. 40 - 42 * 44 These 
observations supported the design of a synthetic strategy common to all three targets. 
Basically, it relies on (i) the condensation of an EC (4), 4, B(E)C (5) 42 or AB(E)C (6) donor to 
a D acceptor (7), functionalized at the anomeric position with an azidoethyl spacer, (ii) 
elongation of the spacer with introduction of a masked thiol group to allow its coupling onto a 
PADRE peptide derivatized by a maleimido group on a C-terminal Lysine (8). The 
carbohydrate synthesis relies on the trichloroacetimidate methodology 47 and the use of known 
building blocks whenever possible. 

Scheme 2: 

Synthesis of the aminoethyl BCD building block 18 (Scheme 2): The now easily accessible 
disaccharide donor 4, 42 with a benzoyl participating group at position 2 C , was used as the 
precursor to the EC moiety in the construction of 1. It was prepared, as described, 4, in 5 steps 
and 45% overall yield from 2,3,4,6-tetra-O-benzyl-P-D-glucopyranosyl trichloroacetimidate 
(9) 4fM9 and allyl 2,3-O-isopropylidene-a-D-rhamnopyranoside (10) 50 through the key 
intermediate diol 11 (69% from 10). Introduction of the azidoethyl spacer on a glucosaminyl 
intermediate was performed according to a known procedure 51 by coupling of azidoethanol 52 
onto the oxazoline 53 12 to give the triacetate 13. sl *We have shown on several occasions in 
the S. flexneri series, that regioselective protection of the 4- and 6-OH groups of precursors to 
residue D with an isopropylidene acetal was appropriate, especially when such precursors are 
involved in a blockwise synthesis based on the disconnection at the C-D linkage. 42,44 Thus, 
Zemplen deacetylation of 13 gave the triol 14 which was converted to the key acceptor 7 
(81% from 13) upon reaction with 2,2-dimethoxypropane under acid catalysis. When the 
latter was glycosylated with the donor 4 in the presence of BF 3 .OEt 2 in dichloromethane, the 
fully protected trisaccharide 15 was isolated in 58% yield together with the diol 16 (30%), 
resulting from partial loss of the isopropylidene acetal. When 4 and 7 were glycosylated in the 
presence of a catalytic amount of TMSOTf, no side-reaction was observed, and the 
condensation product 15 was obtained in 86% yield. Quantitative conversion of 15 into 16 
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was more conveniently achieved by acidic hydrolysis of the former with 95% aq TFA. 
Zemplen debenzoylation of 16 gave the tetraol 17 (94%) which was subsequently transformed 
into the aminoethyl-armed trisaccharide 18 (69%) by hydrogenation in the presence of 
paUadium-on-charcoal (Pd/C) and IN aq HC1 to convert the formed amine to its 
hydrochloride salt Indeed, others have pointed out that hydrogenolysis using Pd/C in the 
presence of a free amine was sluggish and low-yielding. S5 - 57 In order to prevent any side- 
reaction at a latter stage of the synthesis, isolation of pure 18 was performed by reversed- 
phase HPLC (RP-HPLC). 



Scheme 3: 



Synthesis of the amlnoethyl B(E)CD building block 25 (Scheme 3): The known 
rhamnopyranosyl tricholoracetimidate 20, 58 acetylated at its 2-, 3-, and 4-OH groups thus 
acting as a chain terminator, was chosen as the precursor to residue C. Benzoylation of diol 
1 1 to give 1 9 was performed by regioselcctive opening of the cyclic orthoester intermediate as 
described. 42 Glycosylation of the latter by donor 20, with activation by a catalytic amount of 
TMSOTf proceeded smoothly in Et a O to yield the fully protected trisaccharide 21 (89%), 
which was de-O-allylated into the hemiacetal 22 (80%) following a two step process 
involving (i) iridium(I)-catalysed isomerisation of the allyl glycoside to the prop-l-enyl 
glycoside 59 and (ii) subsequent hydrolysis. 5060 The selected trichloroacetimidate leaving 
group was introduced by treatment of 22 with trichloroacetonitrile in the presence of a 
catalytic amount of DBU, which resulted in the formation of 5 (99%). Condensation of the 
latter with acceptor 7 was performed in CH 2 C1 2 in the presence of a catalytic amount of 
trifluoromethanesulfonic acid (TfDH) to give the required tetrasaccharide 23 (76%). Acidic 
hydrolysis of the latter using 95% aq TFA gave the intermediate diol 24 in 95% yield. 
Deacylation of the resulting diol under Zemplen conditions followed by debenzylation and 
concomitant conversion of the azide into the corresponding amine to give the key aminoethyl- 
armed tetrasaccharide 2S (77%) was performed by treatment of 24 with hydrogen in the 
presence of Pd/C under acidic conditions. Again, compound 25 was purified by RP-HLPC 
before elongation of the spacer or conjugation. 

Scheme 4: 

Synthesis of the aminoethyl AB(E)CD building block 37 (Scheme 4): The synthesis of 37 is 
based on the condensation of acceptor 7 and donor 6, which resulted from the selective 
dealiylation and anomeric activation of the key intermediate tetrasaccharide 33. The latter was 
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obtained according to two routes following either a block strategy (route 1) based on the 
condensation of an AB disaccharide donor (30) and the EC disaccharide acceptor 16, or a 
linear strategy (route 2) involving the stepwise elongation of 16. The construction of the 
donor 30 was based on the use of the known allyl rhamnopyranoside 26, "having permanent 
protecting groups at position 3 and 4, as the precursor to residue B, and the 
trichloroacetimidate chain terminator 27, 62 acting as a precursor to residue A. Condensation of 
the two entities in the presence of a catalytic amount of TMSOTf resulted in the folly 
protected 28 (96%), which was selectively de-O-allylated into 29 (84%) according to the 
protocol described above for the preparation of 22. Subsequent treatment of 29 with 
trichloroacetonitrile and a catalytic amount of DBU gave the required 30 (96%). 
Glycosylation of 16 with the latter under TMSOTf promotion afforded the fully protected 
tetrasaccharide 34 in 55% yield. No P-anomer was detected. The stereochemical outcome of 
this glycosylation step involving a rhamnosyl donor glycosylated at C-2, thus lacking any 
participating group at this position is not without precedent. Related examples involving 
rhamnopyranosyl donors may be found in the synthesis of oligosaccharides representative of 
the capsular polysaccharide of the P-hemolytic Streptococcus Group A, "or of the O-Ag of 
Serratia marcescens 018 64 as well as in our own work on S. flexneri serotype 2a. 4S Route 1 
was considered initially in order to prevent extensive consumption of the EC disaccharide 11 . 
Given the relatively low yield of coupling of 16 and 30, route 2 was considered as well. Of all 
precursors to 34, only that to residue B, namely the donor and potential acceptor 31, differed 
from those used in route 1. Conventional glycosylation of disaccharide 16 and 31 and 
subsequent selective deacetylation using methanolic HBF*, gave the acceptor 32 in 70% yield 
from 16. 4S The trisaccharide 32 was glycosylated with trichloroacetimidate 27 in an analogous 
fashion to its glycosylation with 30, yielding 34 (92%). Deallylation of this key intennediate, 
as described above for the preparation of 22, gave the corresponding hemiacetal 35 (90%) 
which was converted into the required trichloroacetimidate 6 (88%) upon treatment with 
trichloroacetonitrile and DBU. Condensation of donor 6 with the glucosaminyl acceptor 7 was 
performed under promotion by TfOH or TMSOTf, which resulted in the fully protected 
pentasaccharide 35 in 62% and 80% yield, respectively. Following the process described for 
the preparation of 25, compound 35 was submitted to acetolysis (97%) and subsequent 
Zemplen deacylation to give the partially deblocked 36 (87%), which was next converted to 
the aminoethyl-spacer pentasaccharide 37 upon treatment with hydrogen in the presence of 
Pd/C. Final RP-HPLC purification resulted in the isolation of 37 in 53% yield. 
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Scheme 5: 



Synthesis of the target neoglycopeptides 1-3 (Scheme 5): In all cases, cheraoselective ligation 
of the B and T epitopes was achieved through coupling of the carbohydrate haptens pre- 
functionalized with a thiol function and a maleimido group properly introduced at the C 
terminus of the T helper peptide. Such a strategy was chosen in order to exploit the high 
reactivity and specificity of thiol groups towards the maleimide functionality, 65 which allows 
specific and high-yielding modification of the former in the presence of other nucleophiles. 
66 It was used previously under various forms in the coupling of carbohydrate haptens to either 
proteins 67 - 68 or peptides. 2668 To our knowledge, in all the reported cases the maleimide 
functionality was introduced onto the carbohydrate hapten. On the contrary, our strategy relies 
on the introduction of this activating group on the T helper peptide. The immunogenicity of 
various maleimide-derived coupling reagents was evaluated in a model system. 69 Based on the 
reported data, 69 4-(^.maleimido)-n-butanoyl was selected as the linker, and incorporated by 
covalent linkage to the side chain amino group of a Lysine residue added at the C-terminus of 
the PADRE sequence (PADRE-Lys). It is worth mentioning that the strategy described herein 
somewhat differs from that described by others when demonstrating the usefulness of PADRE 
in the construction of immunogenic neoglycopeptides. 35 

The Lysine-modified PADRE (8) was assembled using standard Frooc chemistry for solid- 
phase peptide synthesis. 70 Standard side chain protecting groups were used, except for that of 
the C-terminal Lysine side chain which was protected by the l-(4,4-dimethyl-2,6- 
dioxocyclohex-l-ylidene)-3-methylbutyl (tvDde) group, "indeed, this orthogonal protecting 
group strategy allows specific introduction of the maleftnide group on the C-terminal Lysine, 
upon selective cleavage of the ivDde by hydrazine. The thiol functionality was introduced 
onto the carbohydrate haptens as a masked thiol function (acetylthioester), which is easily 
generated in situ during the conjugation process Thus, reaction of 15, 25, and 27 with S- 
acctylthioglycolic acid pentafluorophenyl ester (SAMA-oPfp) resulted in the site-selective 
elongation of their aminoethyl spacer via a thioacetyl acetamido linker. Derivatization could 
be monitored by RP-HPLC with detection at 215 nm. Under these conditions, the required 
thioacetyl-armed intermediates. 38, 39 and 40 were isolated in 53%, 74%, and 75% yield, 
respectively. Their structure was confirmed based on MS and NMR analysis. Conjugation of 
the carbohydrate haptens to the maleimido activated PADRE-Lys (8) was run in phosphate 
buffer at pH 6.0 in presence of hydroxylamine 72 and monitored by RP-HPLC. Lastly, RP- 
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HPLC purification gave the target neoglycopeptides 1, 2, and 3 as single products, which 
identity was assessed based on MS analysis, in yields of 58%, 48% and 46%, respectively. 



CONCLUSION 

The synthesis of three fully synthetic glycopeptides incorporating a tri-, terra-, and 
pentasaccharide haptens representative of fragments of the O-Ag of S. flexneri serotype 2a 
covalently linked to the PADRJB-sequence, which acts as a universal T cell epitope is 
reported. The carbohydrate haptens were selected based on a preliminary study of the 
recognition of synthetic oligosaccharides with homologous protective antibodies. They were 
synthesized following a common block strategy, in a form allowing their coupling by 
chemical ligation onto a maleimido-activated PADRE. Evaluation of the immunogenicity of 
the conjugates in mice is ongoing. 
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General Methods. General experimental methods not referred to in this section were as 
described previously.(REF) TLC on precoated slides of Silica Gel 60 F 2S4 (Merck) was 
performed with solvent mixtures of appropriately adjusted polarity consisting of A, 
dichloromethane-methanol; B, cyclohexane-ethyl acetate, C, cyclohexane-diethyl ether, D, 
toluene-acetone. Detection was effected when applicable, with UV light, and/or by charring with 
orcinol (35 mM) in 4N aq H 2 S0 4 . NMR Spectra were measured in CDCI 3 unless stated 
otherwise. In the NMR spectra, of the two magnetically non-equivalent geminal protons at C-6, 
the one resonating at lower field is denoted H-6a and the one at higher field is denoted H-6b. 
Interchangeable assignments in the 13 C NMR spectra are marked with an asterisk in listing of 
signal assignments. Sugar residues in oligosaccharides are serially lettered according to the 
lettering of the repeating unit of the O-SP and identified by a subscript in listing of signal 
assignments. Low-resolution mass spectra were obtained by either chemical ionisation (CIMS) 
using NH 3 as the ionising gas, by electrospray mass spectrometry (ESMS), or by fast atom 
bombardment mass spectrometry (FABMS). High-resolution mass spectra were obtained by 
MALDI-MS. 

Solid phase peptide synthesis was performed using standard Fmoc chemistry protocols on a 
Pioneer peptide synthesiser (AppliedBiosystem). Fmoc-Lys(iv-Dde)-OH, Fmoc-Cha-OH 
Fmoc-D-Ala-OH, Fmoc-eAhx-OH and Boc-D-Ala-OH were purchased from NovaBiochem" 
(VWR). All others reagents and amino acids were purchased from Applied Biosystem. 

2-AzidoethyI 2-acetamido-2-deoxy-4,6-0-isopropyIidene-/?-D-gIucopyranoside (7). 
Camphorsulfonic acid (200 mg, 0.9 mmol) was added to a solution of triol 14 (1 31 g 4 52 
mmol) in a mixture of DMF (4 mL) and 2,2-dimethoxypropane (4 mL). After 3 h at rt, low 
boiling point solvents were evaporated under reduced pressure and more 
2,2-dimethoxypropane (2 mL, 15.8 mmol) was added. The mixture was stirred for 2h at rt Et 3 N 
was added, and the mixture was concentrated. The crude product was purified by column 
chromatography (solvent A, 19:l)to give7 as awhite solid (1.21 g, 81%), [a] D -89.8; »HNMR- 
6 6.15 (d, 1H, J = 5.9 Hz, NH), 4.70 (d, 1H, J w = 8.3 Hz, H-l), 4.05 (m, 1H, OCH 2 ), 3.97-3.89 
(m, 2H, H-6a, 3), 3.79 (pt, 1H, J 5 . 6b = J^- 10.5 Hz, H-6b), 3.70 (m, 1H, OCH 2 ), 3.62-3.46 (m 
3H, H-2, 4, OCH 2 ), 3.35-3.26 (m, 2H, H-5, CH 2 N 3 ), 2.05 (s, 3H, Ac), 1.52 (s, 3H, C(CH 3 ) 2 ) 
1.44 (s, 3H, C(CH 3 ) 2 ); ,3 C NMR: 8 100.9 (C-l), 74.3 (C-4), 81.8 (C-3), 68.6 (OCH 2 ) 67 3 
(C-5), 62.0 (C-6), 58.7 (C-2), 50.7 (CH.N,), 29.0 (C(CH 3 h), 23.6 (CH 3 CO), 19.1 (CQCHfr) 
CIMS for C| 3 H 22 N406 (330) m/z 331 [M+H] + . Anal. Calcd. for C 67 H 74 N4O ir 0.5H 2 O: C 46 01 • 
H, 6.83; N, 16.51. Found C, 46.37; H, 6.69; N, 16.46. 

2-Azidoethyl 

( 2 ^6-Tetra-^benzyl-ct.D^luco^ 
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nosyl)-(1^3)-2-acetaitiido-2-deoxy-4,6.0-isopropylidene.p-D-glucopyraiioside (15). (a) 

The disaccharide donor 4 (1.425 g, 1.37 mmol) and the acceptor 7 (377 mg, 1.14 tnmol) with 
4A-MS (2 g) were placed under argon and CH 2 C1 2 (15 mL) was added. The mixture was stirred 
for 1 h at rt, then cooled to -^0°C. A solution of BF 3 .OEt 2 (0.5 mL, 4.1 1 mmol) in CH 2 C1 2 (5 
mL) was added dropwise. The mixture was stirred at -40°C to -15°C over 3 h. 

Triethylamine (2.5 mL) was added and the mixture stirred for 20 min. The mixture was filtered 
through apad of Celite, and the filtrate was concentrated. The mixture was purified by column 
chromatography (solvent A, 2:3) to give 15 (803 mg, 58%) as acolourless foam. Further elution 
(solvent B, 9:1) gave 16 (395 mg, 30%) as a colourless foam. 

(b) 4 A Molecular sieves (560 mg) were added to a solution of donor 4 (565 mg, 0.54 mmol) 
and acceptor 7 (150 mg, 0.45 mmol) in DCM (3 mL) and the suspension was stirred for 15 min 
-40°C. Triflic acid (16 uL) was added and the mixture was stirred for 3h at rt once the cooling 
bath had reached rt. Et 3 N was added and after 15 min, the mixture was filtered through a pad of 
Celite. Volatiles were evaporated and the residue was column chromatographed (solvent B, 9: 1 ) 
to give 15 (475 mg, 87%). [a] D +87.7 (c 0.32); 'H NMR: 8 6.99-8.07 (m, 30H, Ph), 6.21 (d, 1H, 
NH), 5.58 (dd, 1H, H-3 C ), 5.44 (m, 1H, H-2 C ), 5.13 (d, 1H, J 1>2 = 8.3 Hz, H-1 D ), 5.02 (d, 1H, J J 
= 3.4 Hz, H-l B ), 4.97 (d, 1H, J u = 1 .5 Hz, H-l c ), 4.64-4.90 (m, 5H, CH 2 Ph), 4.45 (t, 1H, H-3 D ), 
4.27 (m, 3H, H-5 C , CH 2 Ph), 3.79-4.05 (m, 7H, H-3 E , 4 C , 5 U , 6a D , 6b D , CH 2 0, CH 2 Ph)[ 
3.60-3.76 (m, 4H, H-4 D , 4 B , 5 E , CH 2 0), 3.37-3.51 (m, 3H, H-2e, 5 D , CH 2 N 3 ), 3.16-3.34 (m, 3H, 
H-2 D , 6a E , CH 2 N 3 ), 3.04 (d, 1H, H-6b E ), 2.01 (s, 3H, CH 3 00), 1.43 (s, 6H, (CH 3 ) 2 C), 1.36 (d! 
3H, H-6 C ); ,3 C NMR: 8 171.7, 165.6, 163.4(C=0), 127.3-138.6 (Ph), 99.6 (C-1 D ), 99.1 (C-1 E ), 
97.7 (C-lc), 91.9 ((CH 3 ) 2 C), 81.4 (C-3 E ), 80.3 (C-2 E ), 79.4 (CMc), 77.1 (C-4 D ), 76.0 (C-3 D ),' 
75.3, 74.6, 73.9, 73.2 (4C, CH 2 Ph), 73.1 (C-4 E ), 71.2 (2C, C-2 C , 3 C ), 71.1 (C-5 E ), 68.6 (CH z O), 
67.5 (C-5 C ), 67.4 (C-6 E ), 67.1 (C-5 D ), 62.1 (C-6 D ), 59.0 (C-2 D ), 50.5 (CH 2 N 3 ), 28.9 ((CH^C), 
23.4 (CH 3 CO), 19.2 ((CH 3 ) 2 Q, 18.1 (C-6 C ). FAB-MS for C 67 H 74 N«0 17 (1206) m/z 1229 
[M+Na] + . 

Anal. Calcd. for C 67 H 7 4N 4 0, 7 : C, 60.41 ; H, 5.66; N, 4.82. Found: C, 60.36; H, 5.69; N, 4.78. 
2-Azidoethy] 

< 2 >W-Tetra-0-beiizyl-a-D-glucopyranosyIM^ 

nosyl)-(l->3).2-acetamido-2-deoxy-p-D-glucopyranoside (16). Compound 15 (95 mg 79 
umol) was dissolved in 80% aq AcOH (2.5 mL), and the mixture was heated at 60°C for i h. 
After cooling to rt and repeated co-evaporation with toluene, the crude residue was column 
chromatographed (solvent B, 1:4 -> 0:1) to give 16 (80 mg, 87%) as a white foam. [a]„ +91.5 
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(c 0.18); 'H NMR: 5 6.99-8.02 (m, 30H, Ph), 6.10 (d, 1H, NH), 5.60 (dd, IH, H-3 (: ), 5.52 (m, 
IH, H-2 C ), 5.20 (d, IH, J,, 2 - 8.3 Hz, H-1 D ), 5.00 (d, 1H, J ll2 = 1.9 Hz, H-l c ), 4.95 (d, IH, J l>2 - 
3.4 Hz, H-l E ), 4.63-4.89 (m, 5H, 5 CH 2 Ph), 4.47 (pt, 1H, H-3 D ), 4.25 (d, 1H, CH 2 Ph), 4.19 (m, 
2H, H-5 C , CH 2 Ph), 4.06 (m, 1H, CH 2 0), 3.87 (m, 5H, H-3n, 4c, 6a n , 6bo, CH 2 Ph), 3.58-3.74 (m. 
4H, H-4 E> 5 D , 5 e , CH 2 0), 3.50 (m, 3H, H-2 E> 4 D , CH 2 N 3 ), 3.29 (m, 2H, H-6a E , CH 2 N 3 ), 3.04 (d, 
2H, H-2d, 6b E ), 2.02 (s, 3H, CHjCO), 1.5 1 (d, 3H, H-6 C ); ,3 C NMR: 8 171.5, 165.6, 165.2 (3C, 
C=0), 127.3-138.6 (Ph), 99.6 (C-l c ), 99.5 (C-l n ), 99.0 (C-1 D ), 83.4 (C-3 D ), 81.6 (C-3 E ), 80.1 
(C-2 E ), 79.2 (C-4c), 77.2 (C-4 E ), 75.5 (CH 2 Ph), 75.1 (C-4 D ), 74.7, 74.0, 73.2 (3C, CH 2 Ph), 71.3 
(C-5 D *), 70.9 (C-5 E *), 70.8 (C-3 C ), 70.4 (C-2 C ), 69.0 (C-5 C ), 68.8 (CH 2 0), 67.5 (C-6 E ), 62.6 
(C-6 D ), 57.9 (C-2 n ), 50.5 (CH 2 N 3 ), 23.4 (CH3CO), 18.2 (C-6 C ). FAB-MS Tor GmHtoN»Oi7 
(1166)jm/z1185 [M+Naf. 

Anal. Calcd. for C64H7oN 4 On-H 2 0: C, 64.85; H, 6.12; N, 4.73. Found: C, 64.71; H, 6.01; N, 
4.83. 

2-Azidoethyl 

(2,3,4,6-Tetra-6>-benzyl-a-D-glucopyranosyl)-(l-»4)-a-L-rhaninopyranosyI-(l-»3)-2-acet 
amido-2-deoxy-p-D-glucopyranoside (17). An ice cold solution of 95% aq TFA (1.5 mL) in 
CH 2 Cl 2 (13.5 raL) was added to the trisaccharide IS (730 mg, 0.60 mmol). The mixture was 
kept at 0°C for 15 min, then diluted with toluene and concentrated. Toluene was co-cvaporated 
from the residue. The residue was dissolved in MeOH (20 mL), and a 1M solution of sodium 
methoxide in MeOH (1.5 mL) was added. The mixture was left to stand at rt for 3 h. The 
mixture was neutralised with Amberlite IR-120 (FT) resin and filtered. The filtrate was 
concentrated. The mixture was purified by column chromatography (solvent A, 9: 1) to give 17 
(548 mg, 94%) as a colourless foam. [a] D +9.7 (c 0.48, MeOH); 'H NMR: 8 7.13-7.31 (m, 8H, 
Ph), 5.99 (d, IH, NH), 4.79-4.97 (m, 7H, H-l c , 1 D , 1 E , CH 2 Ph), 4.35-4.74 (m, 4H, CH 2 Ph), 
3.91-4.10 (m, 7H, H-2c, 3„, 3e, 5 c , 5 e , 6a 0) CH 2 0), 3.80 (m, 2H, H-3 E , 6b D ), 3.73 (m, IH, 
CH 2 0), 3.40-3.63 (m, 8H, H-2 E , 4c, 4 D , 4 E , 5 D , 6a E , 6b E , CH 2 N 3 ), 3^7 (m, 2H, H-2„, CH 2 N 3 ), 
1.99 (s, 3H, CH 3 CO), 1.41 (d, 3H, H-6 C ); ,3 C NMR: 8 170.7 (C=0), 127.6-138.4 (Ph), 101.2 
(C-lc), 99.7 (C-Ie). 99.0 (C-1 D ), 84.7 (C-4 C ), 84.3 (C-3 D ), 81.5 (C-3 E ), 79.6 (C-2 E ), 77.6 
(C-4 D *), 75.6 (CH 2 Ph), 75.3 (C-4 R *), 74.9, 73.5, 73.4 (3C, CH 2 Ph), 71 .2 (C-5 E ), 70.8 (C-5 C ), 
70.8 (C-5 D ), 69.4 (C-3 C ), 68.6 (C-6 E ), 68.4 (CH 2 0), 67.6 (C-2 C ), 62.6 (C-6 D ), 56.4 (C-2 D ), 
50.5 (CH 2 N 3 ), 23.5 (CH 3 CO), 17.6 (C-6 C ). FAB-MS for C 5 oH 62 N 4 0,s (958) m/z 981 [M+Na] + . 
Anal. Calcd. for CsolfeNAs.HaO : C, 61.46; H, 6.60; N, 5.73. Found: C, 61.41; H, 6.61; N, 
5.97. 
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2-AminoethyI 

a-D-Glucopyrano 8 yK1^4)^-^^ 

opyranoside (18). The trisaccharide 17 (368 mg, 0.38 mmol) was dissolved in a mixture of 
EtOH (10 mL) and EtOAc (1 mL). A IN solution of aqueous HC1 (0.77 mL) was added. The 
mixture was stirred under hydrogen in the presence of 10% Pd/C (400 mg) for 24 h. The 
mixture was diluted with water and filtered. The filtrate was concentrated, then lyophilised. The 
residue was dissolved in a solution of NaHC0 3 (75 mg) in water (1 mL) and purified by passing 
first through a column of C 18 silica (eluting wife water), then through a column of Sephadex G t0 
(eluting with water) to give, after lyophilisation, 18 (151 mg, 69%). HPLC (230 nm): Rt 4.09 
min (Kromasil 5 urn CIS 100 A 4.6x250 mm analytical column, using a 0-20% linear gradient 
over 20 min of CH 3 CN in 0,01M aq TFA at 1 mL/min flow rate). «H NMR (D 2 0): 5 5.03 (d, 1 H 
ha = 3.8 Hz, H-1 E ), 4.84 (bs, 1H, H-l c ), 4.58 (d, 1H, J, a = 8.5 Hz, H-1 D ), 4.1 0 (m, 1H, H- 5 C )! 
3.98 (m, 3H, H-5 E , 6b D , CH 2 0), 3.79 (m, 6H, H-2* 2 D , 3 D , 6a E , 6b E , CH 2 0), 3.68 (pt, 1H, H-3 E ), 
3.42-3.60 (m, 6H, H-2 E , 3 D , 4 C , 4 D , 4 E , 5 D ), 3.03 (m, 2H, CH 2 NH 2 ), 2.06 (s, 3H, CH 3 CO) 131 
(d, 3H, H-6 C ); "C 8 175.2 (C-O), 101.9 (C-l c ), 101.0 (C-l„), 100.3 (C-l t ), 82.4 (C-3„), 81 6 
(C-4c), 76.5 (C-2 0 ), 73.3 (C-3 E ), 72.4 (C-5 E ), 72.1 (C-4 D ), 71.6 (C-2c), 69.9 (C-4.), 69.5 (C-3 ( ) 
69.0 (C-5 D ), 68.7 (C-5 C ), 68.7 (CH 2 0), 61.2 (C-6 D ), 60.7 (C-6 E ), 55.8 (C-2 D ), 40.3 (CH 2 NH 2 ),' 
22.7 (CH3CO), 17.3 (C-6 C ). Electrospray-MS for C n iUdN 2 O l5 (572) m/z 573 [M+H]*.' 
Manque 6a D et 3 C ; 2x3 D 

HRMS (MALDI) Calcd for CaHUNjO.s+Na: 595.2326. Found: XXXXX. 



Allyl 



TJr "! 4), - 2 - 0 - ben2o y , - M - rha n""»Pyano S ide (21). TMSOTf (100 pL) was added to a 
S Zr D Z 20 (2 ' 5 & 5 ' 78 mm0,) md aCCeptOT 19 W> * 480 ™»D 'n Et 2 G (40 mL) at 
^ T Ure ^ StirT6d f ° r Z5 3t time coolin S bat " reached rt. Et 3 N 
was added and after 15 min, volatiles were evaporated. Column chromatography (solvent C 4- 1) 
of the crude product gave the fully protected 21 (4.74 g, 89%) as a white solid. 'H NMR* 8 

cn^T^l' 592 f ; 1H ' CH=) ' 553 (dd> m > h - 2b) ' 5 - 40 - 5 - 20 4H - ™ " 

S 1 nnt , \ ' 23 = ' = J °' XnZ ' H " 3B) ' 5 ' 10 (d ' lH > H " 1 b). 5.00-4.40 (m, 10H, 
H-4 B , 1c, OCH 2 ), 4.30-4.00 (m, 5H, H-3 E , 3 C , 5 B , OCH 2 ), 4.00-3.50 (m, 7H H-2 r 4,- 6a 6b 

^d^ 

0.80 (d, 3H, Js.e-X.X Hz, H-6 B ); ,3 C NMR: 8 16.89-16.S5, 166.1 (4C, C=0), 133 4-127 3 fPM 

^ (C-IO, 81.4 (C-3 E ), 80.; (C-2I 7^777 
(C-4 E ), 77.5 (C-4c), 75.6-72.6 (4C, OCH 2 Ph), 72.7 (C-2 C ), 7.9 (2C, C-5 E , 4 B ), 6.0 (C-2 B ), 68.7 
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(C-6 B ), 68.6 (C-3 B ), 68.2 (OCH 2 ), 67.2 (C-5 C ), 66.8 (C-5 B ), 20.7-20.2 <3C, C(0)CH 3 ), 18.5 
(C-6 C ), 16.8 (C-6 B ). Cl-MS for C 6 2H 7 oO, 8 (1 102) mfz 1 125 [M+Na] + . 
Anal. Calcd. for C 62 H 7 oOi8: C, 67.50; H, 6.40. Found: C, 67.51; H, 6.52. 



(2,3,4-Tri-0-acetyl-<M^ 

nosyl)-(l-» 4)]-2-0-benzoyl-o-L-rhamnopyranose (22) 
l,5-Cyclooctadiene-bis(methyldiphenylphosphine)iridium hexafluorophosphate (33 mg) was 
dissolved in THF (10 mL) and the resulting red solution was degassed in an argon stream. 
Hydrogen was then bubbled through the solution, until the colour had changed to yellow. The 
solution was then degassed again in an argon stream. A solution of 21 (4.59 g, 4.16 mmol) in 
THF (30 mL) was degassed and added. The mixture was stirred at rt overnight, then 
concentrated. The residue was taken up in a mixture of acetone (10:1, 44 mL). Mercuric 
bromide (1 .78 g, 8.32 mmol) and mercuric oxide (1 .69 g, 6.24 mmol) were added to the mixture, 
which was protected from light. The suspension was stirred at rt for 1 h, then concentrated. The' 
residue was taken up in CH 2 Cl 2 and washed three times with sat aq KI, then with brine. The 
organic phase was dried and concentrated. The residue was purified by column 
chromatography (solvent B, 3:1) to give 22 (3.52 g, 80%) as a colourless foam; [ot] D +17.7- 
'H NMR:8 7.15(m,25H,Ph),5.50(dd, lH,H-2 8 ), 5.30-5.27 (m,2H,H-l c , H-2 C ), 5,23 (d, 1H, 
= 3.3 Hz, H-1 B ), 5.18 (dd, 1H, J 23 - 3.2, J 3 , 4 = 10.0 Hz, H-3„), 5.10 (d, 1H, J u - 1 2 Hz 
H-1 B ), 5.00-4.35 (m, 9H, H-4 B , OCH 2 ), 4.28 (dd, 1H, J 2J = 3.2, J 3 . 4 = 8.6 Hz, H-3 C ), 4.20-4.00 
(m, 3H, H-3 B , 5 E , 5 C ), 3.80-3.50 (m, 6H, H-2 E , 6a E , 6b R , 5 B , 4 R , 4 C ), 3.05 (d, 1H, J OH i = 4 0 Hz 

OH),2.09, 1.81, 1.44 (3s, 9H,CH 3 C=O),1.37(d,3aJs^ = 6^Hz.H-6c),0.95(d,3H,J 56 = 6.2 
Hz, H-6 B ); 13 CNMR: 5 169.9-169.6, 166.2 (4C, OO), 138.9-127.5 (Ph), 99.8 (C-l 0 ), 97.3 
(C-1 E ), 91.3 (C-l c ), 81.7 (C-3 E ), 80.7 (C-2 E ), 78.8 (C-3 C ), 78.1-78.0 (2C, C-4 E , 4c), 76.6, 75.5 
(2C, CH 2 Ph), 74.9 (2C, C-2 E , CH 2 Ph), 73.8 (CH 2 Ph), 73.3 (2C, C-4 B , 5 E ), 72.9 (C-2 B ), 71.2 (2C, 
C-3 B , 6e), 67.5 (C-5 C ), 67.1 (C-5 B ), 21.0-20.6 (3C, CH 3 CO), 18.9 (C-6 C ), 17.1 (C-6 B )' 
FAB-MS forCsgHwCg (1062) tn/z 1085 [M+Na] + . 

Anal. Calcd. for C 5 9He 5 0 I8 H 2 0: C, 65.54; H, 6.34. Found: C, 65.68; H, 6.41. 
(2,3ATri-<^acetyl-(*l^rhamnopyranosyO-a^ 

nosyl)-(l-» 4)l-2-0-benzoyI-oe-L-rhamnopyranose trichloroacetimidate (5). DBU (100 pL) 
was added at 0°C to a solution of the hcmiacctal 22 (3.8 g, 3.58 mmol) in DCM (40 mL) 
containing trichloroacetonitrile (4 mL). The mixture was stiired for 30 min at 0°C, and volatiles 
were evaporated. Flash chromatography (solvent B, 7:3 + 0.2% Et 3 N) of the crude material 
gave the donor S (3.9 g, 90%) as a white solid; [a] D +2.8 (c ?); 
NMR ??? 

Anal. Calcd. for Gs.HoaCbNO,,,: C, 60.67; H. 5.51; N, 1.16. Found: C, 60.53; H, 5.48; N, 1.38. 
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2-Azidoethyl 

anosylH1^4)J-(2-t9-benzoyl-a.L-rhanmopyranosyI)K1^3>2-acetamido-2-deoxy-4>0-i 
sopropylidene-p-D-glucopyranoside (23). The trisaccharide donor 5 (1.86 g, 1.54 mmol) and 
the acceptor 7 (712 mg, 2.16 mmol) were dissolved in 1,2-dichloroethane (15 mL) and 4A-MS 
(2 g) were added. The mixture was stirred at rl for 1 h. The mixture was cooled to 0°C and triflic 
acid (34 uL, 0.385 mmol) was added. The mixture was stirred at 0°C for 30 min, then at rt for 
30 min. The mixture was then heated at 65°C for 1 h. The mixture was allowed to cool, Et 3 N 
(0.5 mL) was added, and the mixture was stirred at rt for 20 min. The mixture was diluted with 
CH 2 C1 2 and filtered through a pad of Celite. The filtrate was concentrated and purified by 
column chromatography (solvent B, 1:1) to give 23 (1.61 g, 76%). >H NMR: 6 7.90-6 90 (m 
25H, Ph), 5.92 (d, 1H, J = 7.5 Hz, NH), 5.53 (dd, 1H, J u - 1.8 Hz, H-2 B ), 5.29 (d, 1H, H-W, 
5.19 (m, 2H, H-2 C , 3 B ), 5.09 (m, 2H, H-l c , Id), 4.97 (bs, 1H, H-1 B ), 4.96-4.70 (m, 9H, CH 2 Ph' 
H-4 B ), 4.54-4.41 (m, H, CH 2 Ph), 4.34 (pt, 1H, J 3i4 = J 4iS = 9.3 Hz, H-3 D ), 4.19-3.89 (m, 6H, H-3c, 
5c, 5 & 3* 6a„, OCH 2 ), 3.79-3.60 (m, 5H, H-6bD, 4c, 5 B , 2 E , OCH 2 ), 3.56-3.33 (m, 4H, H-5 D , 4 E ' 
4 D , CH 2 N 3 ), 3.27-3.12 (m, 2H, CH 2 N 3 , H-2 D ), 2.10, 2.09 (2s, 6H, C(CH 3 ) 2 ), 1.78 (s, 3H, OAc)' 
1 .73 (s, 3H, NHAc), 1 .42, 1 .35 (2s, 6H, OAc), 1.30 (d, 3H, J 5fi = 6.2 Hz, H-6 C ), 0.90 (d, 3H, J 5 ' 6 
- 6.2 Hz, H-6 B ); ,3 C NMR: 8 171.4, 169.7, 169.6, 169.5, 166.0 (5C, C=0), 138.7-127.2 (Ph) 
99.8, 99.7 (C-lo, l c ), 97.1 (C-1 B ), 96.4 (C-1 E ), 81.5 (C-3b), 81.1 (C-2 E ), 79.5 (bs, C-3 C ), 77.9 
(C-4 D ), 77.0 (bs, C-4c), 75.4 (C-3 D ), 75.3, 74.7, 73.6 (3C, CH 2 Ph), 73.0, 72.9 (2C, C-2 C , 4 E ) 
72.9 (CH 2 Ph), 71.2 (C-5 E ), 71.1 (C-4 B ), 69.9 (C-2 B ), 69.2 (C-6 E ), 68.8 (C-3 B ). 68.7 (OCH 2 )i 
67.2, 67.1 (3C, C-5 C , 5 B , 5 D ), 62.2 (C-6 D ), 59.0 (C-2 D ), 50.6 (CH 2 N 3 ), 29.0, 23.4 (2C, C(CH 3 ) 2 ) 
20.9,20.4 (3C, OAc), 19.0(NHAc), 18.4 (C-6 C ), 17.0(C-6 B ). FAB-MS for ^H^O* (1374) 
m/z 1397 [M+Na] + . 

Anal. Calcd. for C 72 H 8 6N 4 0 23 : C, 62.87; H, 6.30; N, 4.07. Found; C, ??; H, ??; N, ??. 
2-AzidoetbyI 

(?A4-Tri-0-acetyl-a-^rto 

anosyl)-(l^)J-(2-0-benzoyl-o-L-rhanmopyranosyl)-(l-->3)-2-acetamldo-2-deoxy-P-^ 
ucopyranoside (24). 50% aq TFA (1.3 mL) was added to a solution of the fully protected 
tetrasaccharide 23 (210 mg, 1 1 1 umol) in DCM (6 mL). The mixture was stirred at 0°C for 1 h. 
Volatiles were evaporated and toluene was co-evaporated from the residue. Column 
chromatography (solvent B, 7:3 ^ 1:1) of the crude product gave 24 (195 mg, 95%). [a] D -6.9 
(c0.5,MeOH); 
NMR? 

FAB-MS for CeoHs^Oa (1334) m/z 1357.5. 

Anal. Calcd. for QkH^Om-HzO: C, 60.43; H, 6.32; N, 4.09. Found: C, 60.56; 6.22, 3.92. 
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2-Aminoethyl 

a-l^WianmopyraiiosyK1^3Ha-D-glucopyr a nosyl-(l-+4)|-a-L : rhaninopyranosyKl-^3 
)-2-acetamido-2-deoxy-p-l>-gIucopyranoside (25). An ice cold solution of 95% aqueous 
trifluoroacetic acid (2.4 mL) in CH 2 C1 2 (21.6 mL) was added to the telrasaccharide 23 (1.93 g, 
1 .40 mmol). The mixture was kept at 0°C for 5 min., then diluted with toluene and concentrated. 
Toluene was co-evaporated from the residue. The residue was dissolved in MeOH (65 mL), and 
a 1M solution of sodium methoxide in MeOH (3 mL) was added. The mixture was left to stand 
at rt for 18 h, then neutralised with Amherlite IR-120 (H + ) resin, and filtered. The filtrate was 
concentrated, and the residue was purified by column chromatography (solvent B, 9:1) to give 
24 (1.38 g, 89%) as a colourless foam. The tetrasaccharide 24 (1.38 g, 1.25 mmol) was 
dissolved in a mixture of EtOH (35 mL) and EtOAc (3.5 mL). A 1 N solution of aq HC1 (2.5 mL) 
was added. The mixture was stirred under hydrogen in the presence of 10% Pd/C (1.5 g) for 72 
h, then diluted with water and filtered. The filtrate was concentrated, then lyophilised. The 
residue was dissolved in a solution of 5% aqueous NaHC0 3 and purified by passing first 
through a column of C, 8 silica (eluting with water), then through a column of Sephadex G I0 
(eluting with water) to give, after lyophilisation, 25 (693 mg, 77%). HPLC (230 ran): Rt 4.78 
min (Kromasil 5 urn CI 8 100 A 4.6x250 mm analytical column, using a 0-20% linear gradient 
over 20 min ofCH 3 CN in 0.01M aq TFA at 1 mL/min flowrate). 'HNMR(D 2 0): S 5.10 (d, 1H, 
Ju = 3.7 Hz, H-1 E ), 4.89 (d, IH. j W - 1.1 Hz, H-1 B ), 4.73 (d, 1H, J u = 1.0 Hz, H-l c ), 4.50 (d, 
1H, J U = 8.6 Hz, H-1 D ), 4.08 (m, 1H, H-5 C ), 3.96 (m, 1H, H-2 B ), 3.91 (m, 2H, H-6a D , CH 2 0), 
3.68-3.88 (m, 12H, H-2 C , 2 D , 3 B , 3 C , 4«, 4 C , 5 B , 5 E , 6b D , 6an, 6b E , CH 2 0), 3.59 (pt, 1H, H-3 P ), 
3.52 (pt, 1H, H-3 D ), 3.33-3.48 (m, 4H, H-2 E , 4 D , 4 E , 5 D ), 3.01 (m, 2H, CH 2 NH 2 ), 1.99 (s, 3H 
CHjOO), 1.28 (d, 3H, H-6 C ), 1.18 (d, 3H, H-6 B ); ,3 C 8 174.8 (0=0), 103.2 (C-1 B ), 101.4 
(C-lc), 100.9 (C-1 D ), 98.6 (C-1 E ), 81.9 (C-3 D ), 79.0 (C-4,0, 76.6 (C-4 C ), 76.3 (C-2u), 72.9 
(C-3n), 72.3 (C-5 E ), 72.3 (C-4 D ), 71.8 (C-3 C ), 71.1 (C-2 C ), 70.5 (C-2 B , 3 B ), 69.7 (C-4 B ), 69.5 
(C-4,0, 69.2 (C-5 D ), 68.8 (2C, C-5 B , 5 C ), 67.9 (CH 2 0), 61.0 (C-6 D ), 60.8 (C-6 E ), 55.5 (C-2 D ), 
40.0 (CH 2 NH 2 ), 22.6 (CH 3 C=0), 18.0 (C-6 C ). 17.0 (C-6 B ). XXMS for C 28 H S0 N 2 O, 9 (718) m/z 
741 [M + Na] + . HRMS (MALDI) Calcd for C 28 H 5 oN 2 0,o: 741 .2905. Found: XXXX. 

Ally! 

(2A4-TrM^benzoyl-a-l^rbamnopyranosyW^ 

ide (28). TMSOTf (1 1 uL, 59 umol) was added to a solution of the rhamnoside 26 (2.26 g, 5.88 
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mmol) and the trichloroacetimidate 27 (4.23 g, 6.82 mmol) in anhydrous Et 2 0 (60 mL) at 
-70°C. The reaction mixture was stirred for 8 h while the cooling hath was slowly coming back 
to rt. Et 3 N (100 uL) was added, and the mixture was stirred at rt for 15 min. Solvents were 
evaporated, and the crude material was purified by column chromatography (solvent B,49:l -> 
9:1), to give 28 as a white foam (4.78 g, 96%). 'H NMR: 8 8.17-7.12 (m, 25H, Ph), 5.97-5.85 
(m, 3H, H-2 A , 3 A> CH=), 5.67 (pt, 1H, J 3(4 = 9.6 Hz, H-4 A ), 5.34-5.19 (m, 3H, H-1 A , CH 2 =), 5.01 
(d, 1H, J = 9.0Hz,CH 2 Ph),4.92(d, 1H, J 1>2 = 1.3 Hz, H-1 B ), 4.82-4.74 (m, 2H, CH 2 Ph), 4.71 (d, 
1H, J - 11.8 Hz, OCH 2 ), 4.31 (dq, 1H, J 43 = 9.7 Hz, H-5 A ), 4.21 (m, 1H, OCH 2 ), 4.10 (dd, 1H, 
H-2 B ), 4.02 (m, 1H, OCH 2 ), 3.97 (dd, 1 H, J 2>3 = 3.0, S 3A = 9.2 Hz, H-3 B ), 3.82 (dq, 1 H, J 4 . 5 = 9.4 
Hz, H-5 B ), 3.71 (pt, 1H, H-4 B ), 1.43 (d, 3H, J ifa = 6.1 Hz, H-6 B ), 1 .37 (d, 3H, J 5(6 = 6.2 Hz, H-6/0; 
,3 C NMR: 8 166.3, 165.9, 165.7 (3C, C=0), 139.0-127.9 (CH=, Ph), 1 17.8 (CH 2 =), 99.9 (C-1 A ), 
98.3 (C-l B ), 80.6 (C-4 B ), 80.2 (C-3 B ), 76.5 (C-2 B ), 76.0, 72.9 (2C, CH 2 Ph), 72.3 (C-4a), 71.0 
(C-2 A *), 70.4 (C-3 A *), 68.7 (C-5 B ), 68.1 (OCH 2 ), 67.5 (C-5,0, 18.4 (C-6 B ), 18.1 (C-6 A ). 
FAB-MS forC 50 HsoO, 2 (M = 842.3) m/z 865.1 [M+Naf. 
Anal CalctLfor CsoH so O n : Q 71.24; H, 5.98. Found C, XX; H, XXX. 



(2,3,4-tri-t9-Benzoyl-a-L-rhamnopyranosyl)-(l-^2)-3,4-di-0-benzyI-o-L-rhamnopyranos 
e (29). l,5-Cycloocurdiene-bis(methyldiphenyIphosphine)iridiumhexaHuorophosphate(25 mg) 
was dissolved in THF (1 0 mL) and the resulting red solution was degassed in an argon stream. 
Hydrogen was then bubbled through the solution, until the colour had changed to yellow. The 
solution was then degassed again in an argon stream. A solution of 28 (4.71 g, 5.59 mmol) in 
THF (40 mL) was degassed and added. The mixture was stirred at rt overnight, then 
concentrated. The residue was taken up in acetone (350 mL) and water (82 mL). Mercuric 
bromide (3.23 g, 8.96 mmol) and mercuric oxide (2.64 g, 12.3 mmol) were added to 1he mixture, 
which was protected from light. The suspension was stirred at rt for 1 h, then concentrated. The 
residue was taken up in CH 2 C1 2 and washed three times with sat aq KI, then with brine. The 
organic phase was dried and concentrated. The residue was purified by column 
chromatography (solvent B, 3:1) to give 29 (3.87 g, 84%) as a colourless foam. 'H NMR: 8 
8.15-7.12 (m, 25H, Ph), 5.94-5.88 (m, 3H, H-2 A , 3a, CH=), 5.70 (pt, 1H, J 3<4 = 9.7 Hz, H-4 A ), 
5.31 (dd, 1H, J,,oh= 3.0 Hz, H-1 B ), 5.28 (bs, 1H, H-1 A ), 4.98 (d, 1H, J = 1 1.0 Hz, CH 2 Ph), 
4.82-4.68 (m, 3H, CH 2 Ph), 4.31 (dq, 1H, J 4tS =9.8 Hz, H-5 A ), 4.13 (dd, 1H, J It2 « 2.1 Hz, H-2 B ), 
4.06-3.99 (m, 2H, H-3 B , 5 B ), 3.72 (pt, 1 H, J 3i4 = J 4 . s = 9.4 Hz, H-4 B ), 2.79 (bs, 1H, OH-l B ), 1 .41 
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(d, 3H, J 5 .6= 6.2 Hz, H-6 B ), 1.37 (d, 3H, J 5l6 = 6.3 Hz, H-6 A ); !3 CNMR: 8 166.2, 165.9, 165.7 
(3C, C=0), 138.9-127.9 (Ph), 99.7 (C-1 A ), 94.2 (C-1 B ), 80.5 (C-4 B ), 79.6 (C-3 B ), 77.6 (C-2 B ), 
76.5, 72.5 (2C, CH 2 Ph), 72.3 (C-4 A ), 71 .0 (C-2 A *), 70.4 (C-3 A *), 68.8 (C-5 B ), 67.6 (C-5,0, 1 8.5 
(C-6 D *), 18.1 (C-6 A *). FAB-MS for C47H46C2 (M - 802.3) m/z 825.1 [M+Na] + . 
Anal. Calcd. for C 47 H4 6 O i2 : C, 70.31; H, 5.78. Found C, XX; H, XXX. 



(2A4-Tri-<^benzoyl-a-l^rhamnopyranosylH1^2)-3,4-di-0-benzyl-«r-L-rhaninopyranos 
yl Trichloroacetimidate (30). The hemiacetal 29 (3.77 g, 4.71 mmol) was dissolved in CH 2 C1 2 
(15 mL) and the solution was cooled to 0°C. Trichloroacetonitrile (2.5 mL) was added, then 
DBU (200 uL). The mixture was stirred at rt for 2 h. Toluene was added, and co-evaporated 
twice from the residue. The crude material was purified by flash chromatography (solvent B, 
4:1 + 0.1% Et 3 N) to give 30 as a white foam (4.29 g, 96%). Some hydrolyzcd material 29 (121 
mg, 3%) was eluted next. The trichloroacetimidate 30, isolated as an a/p mixture had 'H NMR 
(a anomer): 8 8.62 (s, 1H, NH), 8.20-7.18 (m, 25H, Ph), 6.31 (s, 1H. H-1 B ), 5.94 (dd, 1H, J u = 
1.6 Hz, H-2 A ), 5.89 (dd, 1H, J 2J = 3.4, J 3 , 4 = 9.9 Hz, H-3^, 5.71 (pt, 1H, H-4 A ), 5.27 (bs, 1H, 
H-1 A ), 5.02 (d, 1H, J= 10.8 Hz, CH 2 Ph), 4.84 (d, 1H, J= 1 1.9 Hz, CH 2 Ph), 4.79 (d, 1H, CH 2 Ph), 
4.72(d, lH,CH 2 Ph),4.36(dq, 1H, J 4>5 = 9.8Hz,H-5 A ),4.13 (dd, 1H, H-2 B ), 4.03-3.97 (m, 2H,' 
H-3 B , 5 B ), 3.80 (pt, 1H, J 3 , 4 = 9.5 Hz, H-4 B ), 1.45 (d, 3H, J s ,«= 6.1 Hz, H-6 B ), 1.40 (d, 3H, J s>6 = 
6.2 Hz, H-6 A ); ,3 C NMR (a anomer): 8 166.2, 165.9, 165.7 (3C,'C=0), 160.8 (C=NH), 
138.6-128.2 (Ph), 99.9 (C-1 A ), 97.2 (C-1 B ), 91.4 (CC1 3 ), 79.9 (C-4 B ), 79.1 (C-3 B ), 76.2 (CH 2 Ph), 
74.9 (C-2 B ), 73.3 (CH 2 Ph), 72.1 (C-4 B ), 7 1 .7 (C-5 B ), 71 .0 (C-2 A ), 70.2 (C-3 A ), 67.8 (C-5 A ), 1 8.4 
(C-6 B ), 18.0 (C-6 A ). 

Anal. Calcd. for C^CfeNO,,: C, 62.13; H, 4.89; N, 1.48. Found C, XX; H, XXX, N, 
X.XX. 



AUyl 

(2,3,4-Tri-0-benzoyl-c^i^rhaiimopyranosyl)-(l-->2H3,4-di-t^benzyl-a-i>-rhamnopyran^ 

syl)-(1^3)-[(2^,4,6-tetra-0-benzyl-a-D-glucopyranosyl)-(1^4)l-2-a-benzoyl-a-L-rhanin 
opyranoside (33). (a) The acceptor 1 6 (465 mg, 0.56 mmol) was dissolved in ether (3 mL). The 
solution was cooled to -60°C and TMSOTf (65 pL, 0.36 mmol) was added. The donor 30 (690 
mg, 0.73 mmol) was dissolved in ether (6 mL) and added to the acceptor solution in two 
portions with an interval of 30 min. The mixture was stirred at-60°C to -30°C over 2 h. Et 3 N 
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(100 uL) was added. The mixture was concentrated and the residue was purified by column 
chromatography (solvent B, 7:1) to give 33 (501 mg, 55%). 

(b) A solution of the donor 27 (1.41 g, 2.25 mmol) and the acceptor 32 (1.07 g, 1.79 mmol) in 
anhydrous Et z O (88 mL) was cooled to -60°C. TMSOTf (63 uL) was added, and the mixture 
was stirred at -60°C to -20°C over 2.5 h. Et 3 N was added (100 uL). The mixture was 
concentrated and the residue was purified by column chromatography (solvent D, 49:1) to give 
33 (2.66 g, 92%); [a] D +74.1 (c 0.5); *H NMR: 8 7.06-8.11 (m, 50H, Ph), 5.88-6.05 (m, 3H, 
H-2 A , 3 A . CH = ), 5.71 (t, 1H, H-4 A ), 5.5 1 (dd, 1H, H-2 C ), 5.22-5.41 (m, 3H, H-1 A , CH 2 - ), 5.14 
(d, 1H, Ju = 0.9Hz,H-l B ),5.10(d, 1H, J,. 2 = 3.2Hz,H-l B ),4.97(bs, 1H, H-l c ), 4.35-5.00 (m, 
14H, H-2 B , 5 A , 12 x CH 2 Ph), 3.98-4.19 (m, 5H, H-3 C , 3 n . 5 E , OCH 2 ), 3.43-3.87 (m, 9H, H-2 & 
3 B , 4 b , 4c, 4 & 5 B , 5 C , 6 E , 6' B ), 1.44 (d, 3H, H-6 A ), 1.40 (d, 3H, H-6 C ), 1.13 (d, 3H, H-6 B ); ,3 C 
NMR 5 165.9, 165.4, 165.1 (C=0), 127.1-138.7 (CH=, Ph), 117.8 (CH*-), 101.3 (C-i D ), 99.6 
(C-1 A ), 97.9 (C-1 E ), 96.1 (C-lc), 81.9 (C-3e), 81.0 (C-2 E ), 80.1 (C-3 C ), 79.8 (C-4 B ), 78.9 (C-3 B ), 
77.9 (C-4c), 77.4 (C-4 E ), 75.9 (C-2 B ), 75.6, 75.0, 74.9, 73.9, 72.9 (CH 2 Ph), 72.4 (C-2c), 71.9 
(C-4 A ), 71.2 (C-5 E ), 70.9 (CH 2 Ph), 70.7 (C-2 A *), 70.0 (C-3 A *), 69.2 (C-5 B ), 68.5 (OCH 2 ), 68.1 
(C-6 E ), 67.6 (C-5 C ), 67.2 (C-5 A ), 18.8 (C-6 A ), 18.1 (C-6c), 17.8 (C-6 B ). FAB-MS for C<>7Hc, 8 0 22 
(1614) m/z 1 637 [M+Naf. 

Anal. Calcd. for C 97 H980 22 : C, 72.10; H, 6.11. Found: C, 71.75; H, 6.27. 

(2,3,4-Tri-0-bei«oy!-arL-rhamM 
8 yO-(1^3)-[(2A4,6-tefra-0-beiizyl-a-l^ 

mnopyranose (34). l,5-Cyclooctadiene-bis(memyldiphenylphosphme)iridium 

hexafluorophosphate (12.5 mg) was dissolved in THF (5 mL) and the resulting red solution was 
degassed in an argon stream. Hydrogen was then bubbled through the solution, causing the 
colour to change to yellow. The solution was then degassed again in an argon stream. A 
solution of 33 (1 . 1 38 g, 0.70 mmol) in THF (15 mL) was degassed and added. The mixture was 
stinred at rt overnight. The mixture was concentrated. The residue was taken up in acetone (7 
mL) and water (0.7 mL). Mercuric chloride (285 mg, 1 .05 mmol) and mercuric oxide (303 mg, 
1 .4 mmol) were added to the mixture, which was protected from light The mixture was stirred 
at rt for 1 h, then concentrated. The residue was taken up in CH 2 C1 2 and washed three times with 
sat. aq. KI, then with brine. The organic phase was dried and concentrated. The residue was 
purified by column chromatography (solvent B, 7:3) to give 34 (992 mg, 90%) as a colourless 
foam. 'H NMR: 5 7.05-8.16 (m, 50H, Ph), 5.88-5.93 (m, 2H, H-2 A) 3 A ), 5.73 (pt, 1H, H-4 A ), 
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5.55 (m, 1H, H-2 C ), 5.37 (bs, 1H, H-Ia), 5.28 (bs, 1H, H-l c ), 5.14 (bs, 1H, H-1 B ), 5.07 (d, 1H, 
hi = 3.1 Hz, H-1 E ), 4.78-4.99 (m, 6H, CH 2 Ph), 4.31-4.68 (m, 8H, H-2 B> 5 A , CH 2 Ph), 4.24 (dd, 
1H, H-3 C ), 3.99-4.09 (m, 3H, H-3 E , 5 C , 5 E ), 3.82 (pt, 1H, H-4 C ), 3.57-3.76 (m, 5H, H-3 B , 4 E . 5b, 
6a E , 6b B ), 3.48 (dd, IH, H-2b), 3.17 (d, 1H, OH), 1.43 (d, 6H, H-6 A , 6 C ), 1.14 (d, 3H, H-6 B ); ,3 C 
NMR: 8 166.0, 165.6, 165.2 (4C, OO), 127.2-138.9 (Ph), 101.1 (C-1 B ), 99.7 (C-1 A ), 98.1 
(C-1 B ), 91.6 (C-lc), 81.9 (C-3 D ), 81.1 (C-2h), 79.9 (C-4 B ), 79.4(C-3 C ), 78.9 (C-3 B ), 78.3 (C-4c), 
77.6 (C-4 E ), 76.1 (C-2 B ), 75.8, 75.3, 75.1, 74.0, 73.1 (XXC, CHjPh), 72.7 (C-2 C ), 72.1 (C-4 A ),' 
71.4 (C-5 U ), 71.1 (CH 2 Ph), 70.8 (C-2 A *), 70.2 (C-3 A *), 69.4 (C-5 B ), 68.3 (C-6 E ), 67.7 (C-5 C ), 
67.3 (C-5 A ), 19.0 (C-6 A ), 18.2 (C-6 C ), 17.9 (C-6 B ). FAB-MS for C^H^ (1574) mh 1597 
[M+Naf. 

Anal. Calcd. for C94H94O22: C, 71.65; H, 6.01. Found: C 71.48; H, 6.17. 

(2>3,4-Tri-0-benzoyl-a-L-rhanraop^ 
syl)-(1^3M(2A4,6-tetra-a.beii2 y N^^ 

mnopyranosyl trlchloroacetimidate (35). The hemiacetal 34 (412 mg, 0.26 mmol) was 
dissolved in CH 2 C1 2 (5 mL) and the solution was cooled to 0°C. Trichloroacetonitrile (0.26 mL) 
was added, then DBU (4 uL). The mixture was stirred at 0°C for 1 h. The mixture was 
concentrated and toluene was co-evaporated from the residue. The residue was purified by flash 
chromatography (solvent B, 4:1 + 0.1% Et 3 N) to give 34 (393 mg, 88%). l H NMR: 8 8.74 (s, 
1 H, NH), 7.03-8.10 (m, 50H, Ph), 6.42 (d, 1H, J,. 2 =2.3 Hz, H-l c ), 5.87 (m, 2H, H-2 A , 3a), 5.67 
(m, 2H, H-2 C , 4 A ), 5.30 (bs, 1H, H-1 A ), 5.14 (bs, 1H, H-1 B ), 5.08 (d, 1H, J u = 3.1 Hz, H-1 E ), 
4.74-4.98 (m, 6H, CH 2 Ph), 4.23-4.69 (m, 9H, H-2 B , 3 C , 5 A , CH 2 Ph), 3.88-4.07 (m, 3H, H-3 E , 5 B , 
5 E ), 3.57-3.74 (m, 7H, H-2 E , 4 B , 4c, 4 E , 5 C , 6a E , 6b E ), 3.50 (dd, IH, H-3«), 1.38 (d, 6H, H-6 A , 6 B ), 
1.07 (d, 3H, H-6 C ); l3 C NMR: 8 165.9, 165.5, 165.4, 165.1 (4C, C=0), 160.1 (C=NH), 
127.2-138.7 (Ph), 101.2 (C-1 B ), 99.7 (C-1 A ), 98.3 (C-1 E ), 94.3 (C-l c ), 90.9(CC1 3 ), 81.7 (C-3 B )', 
80.9 (C-2 E ), 79.6 (C-3 C , 4 B ), 78.5 (C-3 B ), 77.2 (C-4c), 77.5 (C-4 E ), 75.9 (C-2 B ), 75.6, 75.1, 75.0, 
74.0, 72.9 (CH 2 Ph), 71.8 (C-2c), 71.3 (C-4 A ), 71.0 (CH.Ph), 70.7 (C-5 B ), 70.5 (C-2 A *), 70.3 
(C-3 A *), 70.0 (C-5 B ), 69.5 (C-5 C ), 67.9 (C-6 E ), 67.2 (C-5,0, 18.7 (C-6 A ), 17.8 (C-6 C ), 17 7 
(C-6 B ). 

Anal. Calcd. for CoeH^CbNO^: C, 67.03; H, 5.51;N, 0.81. Found: C, 63.14, H, 5.14; N, 1.00. 
2-Azidoethyl 

G^Tri-O-benzoyl-a-L-rhanmopy^^ 
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s y0^1^3)-K2,3,4,6-tetra-a-beiwyl-aHD^ 

nopyranosylHl->3>2-acetamido-2-deoxy-4,6-a-isopropylidene-P-D-glacopyranosi(Ie 

(35). (a) The tetrasaccharide donor 6 (500 mg, 0.29 mmol) and the acceptor 7 (140 mg, 0.42 
nunol) were dissolved in 1,2-dichloroethane (5 mL) and 4A-MS (400 mg) were added. The 
mixture was stirred at rt for 2 h. The mixture was cooled to 0°C and triflic acid (7 jiL, 0.072 
mmol) was added. The mixture was stirred at 0°C to rt over 1 h 30 min. The mixture was then 
heated at 65°C for 1 h 30 min. The mixture was allowed to cool, Et 3 N (0.5 mL) was added, and 
the mixture was stirred at rt for 20 min. The mixture was diluted with CH 2 C1 2 and filtered 
through a pad of Celite. The nitrate was concentrated and purified by column chromatography 
(solvent B, 4:3) to give 35 (340 mg, 62%). 

(b) The tetrasaccharide donor 6 (250 mg, 145 umol) and the acceptor 7 (67 mg, 204 umol) were 
dissolved in DCM (1.5 mL) and 4A-MS (200 mg) were added. The mixture was stirred at 
-40°C for 30 min and triflic acid (5 uL) was added. The mixture was stirred at rt over 3 h, 
triethylamine was added, and the mixture was stirred at rt for 15 min. The mixture was diluted 
with CH 2 Cl 2 and filtered through a pad of Celite. The filtrate was concentrated and purified by 
column chromatography (solvent B, 9:1 -> 1:1) to give 35 (219 mg, 80%). fa] D +29.0 (c 0.25, 
MeOH); 'H NMR: 5 7.04-8.06 (m, 50H, Ph), 6.24 (d, 1H, NH), 5.90 (m, 2H, H-2 A , 3 A ), 5.70 (t, 
1H, H-4 A ), 5.42 (m, 1H, H-2 C ), 5.35 (bs, 1H, H-T a), 5.13 (m, 3H, H-1 B , lp, 1 E ), 4.77-5.00 (m, 
5H, H-lc, CH 2 Ph), 4.29-4.66 (m, 1 1H, H-2 B , 3d, 5 a , CH 2 Ph), 3.80-4.1 1 (m, 6H, H-3 C , 3 E , 5 C , 5 E) 
63d, CH 2 0), 3.45-3.78 (m, 12H, H-2 fo 3 B , 4b, 4 n , 4 D , 4* 5 B , 5,,, 6bo, 6a & 6b E , CH 2 0), 3.39 (m, 
1H, CH 2 N 3 ), 3.23 (m, 2H, H-2 D , CH 2 N 3 ), 2.13 (s, 3H, CH3CO), 1.43 (d, 9H, H-6 A , (CH 3 )2C), 
1.29 (d. 3H, H-6 C ), 1.11 (d, 3H, H-6 B ); ,3 C NMR: 8 171.8, 165.9, 165.5, 165.0, 163.5 (5C, 
OO), 127.1-138.7 (Ph), 101.3 (C-1 B ), 99.8 (C-1 D ), 99.3 (C-1 A ), 97.7 (C-l c ), 97.6 (C-1e), 91.8 
(C ^ CH ^' 81 - 6 ( C - 3 R). 81-0 (C-2 E ), 80.0 (C-3 C ), 79.7 (C-4 0 ), 78.9 (C-4 B ), 77.5 (C-3 B , 4c), 76.4 
(C-3 D ), 75.6 (C-2 B ), 75.5, 74.9, 74.8, 73.8, 73.0 (5C, CH 2 Ph), 72.9 (C-4 E ), 72.7 (C-2 C ), 71.8 
(C-4 A ), 71 .3 (C-5 E ), 71.0 (CH 2 Ph), 70.6 (C-2 A *), 70.0 (C-3 A *), 69.3 (C-5 B ), 68.6 (OCH 2 ), 68.3 
(C-6 U ), 67.5 (C-5 C ), 67.3 (C-5 A ), 67.1 (C-5 D ), 62.2 (C-6 D ), 58.9 (C-2 D ), 50.6 (CH 2 N 3 ), 29.1 
(CH 3 C), 23.6 (CH 3 C=0), 19.2 (CH 3 C), 18.6 (C-6 A ), 18.0 (C-6 C ), 17.6 (C-6 B ). FAB-MS for 
Cio7Hn4N 4 0 27 (1886) m/z 1909 [M + Na] + . 

Anal. Calcd. for CotH.mN^: C, 68.07, H, 6.09; N, 2.97. Found: contfent du CCI3CN 
2-Aminoethyl 

a-L-RhaimiopyranosyI-(1^2)-a-L-rhaninopyranosyI-(l->3)-la-D-glucopyranosylHl-*4 
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)]-a-L-rhamnopyranosyI-(1->3>-2-acetamido-2-deoxy-p-D-glucopyranoside (37). An ice 
cold solution of 95% aq TFA (1 mL) in CH 2 C1 2 (9 mL) was added to the pentasaccharide 35 
(645 mg, 0.34 mmol). The mixture was kept at 0°C for 10 min, then diluted with toluene and 
concentrated. Toluene was co-evaporated from the residue. The residue was dissolved in 
MeOH (20 mL), and a 1M solution of methanolic sodium methoxide (3.5 mL) was added. The 
mixture was stirred at 50°C for 18 h. The mixture was neutralised with Amberlite 1R-120 (IT) 
resin and filtered. The filtrate was concentrated. The mixture was purified by column 
chromatography (solvent A, 9:1) to give 36 (374 mg, 77%) as a colourless foam. The crude 
pentasaccharide 36 (360 mg, 0.25 mmol) was dissolved in a mixture of EtOH (10 mL) and 
EtOAc (1 mL). A IN solution of aq HC1 (0.5 mL) was added. The mixture was stirred under 
hydrogen in the presence of 10% Pd/C (400 mg) for 18 h. The mixture was diluted with water 
and filtered. The filtrate was concentrated, then lyophilised. The residue was dissolved in a 
solution of NaHC0 3 (75 mg) in water (1 mL) and purified by passing first through a column of 
C, 8 silica (eluting with water), then through a column of Sephadex G )0 (elutmg with water) to 
give, after lyophilisation, 37 ( 138 mg, 64%). HPLC (230 nm): Rt 5.87 min (Kromasil 5 umC18 
100 A 4.6x250 mm analytical column, using a 0-20% linear gradient over 20 min of CH 3 CN in 
0.01M aq TFA at 1 mL/min How rate). ! H NMR p 2 0): 8 5.15 (d, 1H, J 1(2 - 3.7 Hz, H-1e), 5.00 
(bs, lH,H-lA),4.92(d, lH.Ji.a- U Hz,H-l B ),4.76(bs, 1H,H-1 C ),4.53 (d, 1H, J u = 8.6Hz, 
H-1 D ), 4. 1 0 (m, 1H, H-5 C ), 4.03 (m, 2H, H-2 A , 2 B ), 4.01 (m, 3H, H-4 A , 4 B , CH 2 0), 3.83-3.88 (m, 
7H, H-2c, 2 D , 3 A , 6a D , 6b D , 6a E , CH 2 0), 3.69-3.76 (m, 7H, H-3 B , 3 C , 3 E , 4 C , 5 A , 5 B , 6b E ), 3.52 (pt, 
1H, H-3 D ), 3.33-3.54 (m, 5H, H-2 E , 4 D , 4 B , 5 D , 5e), 3.09 (m, 2H, CHjNHj), 1.98 (s, 3H, 
CH 3 C=0), 1 .28 (d, 3H, H-6 C ), 1 .22 (m, 6H, H-6 A , 6 B ); ,3 C NMR (D 2 0): 8 1 75.3 (OO), 1 03.4 
(C-1 B ), 101.9 (C-1 A ), 101.4 (C-lc, 1 D ), 98.4 (C-1 E ), 82.3 (C-3 D ), 80.2 (C-2 B ), 79.9, 76.7 (C-2 E ), 
72.9, 72.4, 72.4, 72.2, 71.8. 71.6, 70.5, 70.4, 70.1, 70.0, 69.7, 69.6, 69.4, 68.7, 66.7 
(?????CH 2 0), 61.0 (2C, C-6u, 6 E ), 55.5 (C-2 D ), 39.9 (CH 2 NH 2 ), 22.6 (CH 3 00), 18.2 (C-6 C ), 
17.2 (C-6 A ), 17.0 (C-6 B ). MS for HRMS (MALDl) Calcd for C^HfioN^+H: 865.3665. 
Found: 865.3499. 



Maleimldo activated PADRE Lys (8). 

Starting from 0.1 mmol of Fmoc Pal Peg Ps resin, amino acids (0.4 mmol) were incorporated 
using HATU/DIEA (0.4 mmol) activation. The N-terminai D-Ala was incorporated as 
Boc-D-Ala-OH. After completion of the chain elongation, the resin was treated three times with 
hydrazine monohydrate (2% solution in DMF, 25 mL/g of peptide resin) for 3min, which 
allowed the selective deblocking of the Dde protecting group. To a solution of maleimide 
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butyric acid (183 mg, 1.0 mmol) in DCM (2 mL) was added DCC (103 mg, 0.5 mmol). After 
stirring for 1 0 min, the suspension was filtered, and the filtrate was added to the drained peptide 
resin. D1EA (17 uL, 0.5 mmol) was added. After 30 min, the peptide resin was washed with 
DMF (100 mL), MeOH (100 mL), and dried under vacuum. After TFA/TIS/H 2 0 (95/2.5/2.5) 
cleavage (10 mL/g of resin, 1 .5 h), the crude peptide (157 mg) was dissolved in 1 6 mL of 1 5% 
CH 3 CN in 0,08% aq TFA, and purified by reverse phase Medium Pressure Liquid 
Chromatography (MPLC) on aNucleoprep 20 um C18 100 A column, using a 15-75% linear 
gradient of CH 3 CN in 0,08% aq TFA over 60 min at 25 mL/min flow rate (2 14 nm detection) to 
give 8 (107 mg, 61%). HPLC (214 nm): Rt 13.4 min (94% pure, Nucleosil 5 um C18 300 A 
analytical column, using a 1 5-45% linear gradient over 20 min of CH 3 CN in 0,08% aq TFA at 
25 mL/min flow rate). Positive ion ESMS Calcd for C8sH, 39 N 2 ,Oi 9 : 1759.18. Found: 1758.83 
(SD: 0.40). 

(£-Acerylthiomethyl)carbonylaminoethyl 

a-D-GIucopyranosyl-(1^4)-a-L-rhainnopyranosyl-(l->3)-2-acetamIdo-2-deoxy-P-D-gIuc 
opyranoside (38). The trisaccharide 18 (58 mg, 0.1 mmol) was dissolved in DMF (1 mL). 
SAMA-Pfp (33 mg, 0.11 mmol) was added, and the mixture was left to stand at rt for 40 min. 
Toluene was added and the mixture was concentrated. Ether was added to the residue. The 
resulting precipitate was collected and purified by passing through a column of C, 8 silica 
(solvent D, gradient) to give 38 (36 mg, 53%). HPLC (230 nm): Rt 13.74 min (99% pure, 
Kromasil 5 um CI 8 100 A 4.6x250 mm analytical column, using a 0-20% linear gradient over 
20 min of CH 3 CN in 0,01M aq TFA at 1 mL/min flow rate). 13 C NMR (D 2 0): 8 200.3 (SC=0), 
175.2, 171 .9 (NC=0), 102.1 (C-l c ), 101.2 (C-1 D ), 100.5 (C-1 E ), 82.7 (C-3 D ). 81.8 (C-4 C ), 76.8 
(C-2 E ), 73.6 (C-3e), 72.6 (C-5e), 72.4 (C-4 D ), 71.8 (C-2c), 70.2 (C-4b), 69.7 (C-3 C ), 69.4 (C-5 D ), 
68.9 (C-5 C ), 68.9 (CH 2 0), 61.6 (C-6 D ), 60.9 (C-6 E ), 56.1 (C-2 D ), 40.6 (CH 2 NH), 33.7 (CH 2 S), 
30.4 (CH 3 C(0)S), 23.0 (CH 3 C(0)N), 17.5 (C-6c). ES-MS for C^^O^S (688) m/z 689 
[M+Hf. 

HRMS (MALDI) Calcd for C 26 H44N 2 0, 7 S +Na: 711.2258. Found: XXXXX. 
(5-Acetylthiomethyl)carbonylaminoethyl 

a-L-Rhamnopyranosyl-(l-»3)-[a-D-glucopyranosyl-(l->4)]-a-L-rhamnopyranosyl-(l->3 
)-2-acetamido-2-deoxy-p-D-glucopyranoside (39). A solution of SAMA-Pfp (16.7 mg, 40 
pmol) in acetonitrile (150 uL) was added to the tetrasaccharide 25 (20 mg, 28.8 umol) in 0.1M 
phosphate buffer (pH 7.4, 600 uL). The mixture was stirred at rt for 45 min and purified by 
RP-HPLC to give 39 (17 mg, 74%). HPLC (230 nm): Rt 13.63 min (98% pure, Kromasil 5 um 
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C18 100 A 4.6x250 mm analytical column, using a 0-20% linear gradient over 20 min of 
CH 3 CN in 0,01 M aq TFA at 1 mUmin flow rate). 'H NMR (D 2 0): 8 5.10 (d, 1H, J ll2 - 3.7 Hz, 
H-1 E ), 4.91 (d, 1H, J u = 0.8 Hz, H-1 B ), 4.73 (bs, 1H, H-l c ), 4.45 (d, 1H, J u = 8.5 Hz, H-1 D X 
4.09 (m, 1H, H-5 C ), 3.97 (m, 1H, H-2 B ), 3.87 (m, 4H, H-2 C , 3 C , 6a D , CH 2 0), 3.62-3.78 (m, 8h! 
H-2 D , 3b, 4c, 5 B , 6bo, 6aE, 6b,. : , 1 x CH 2 0), 3.60 (m, 3H, H-3 E , CH 2 S), 3.48 (pt, 1H, H-3 D ), 
3.39-3.46 (m, 6H, H-2 E , 4 B , 4d, 4 e , 5 D , 5 B ), 3.33 (m, 2H, CH 2 NH 2 ), 2.35 (s, 3H, CH 3 C(0)S), 
1.98 (s, 3H, CH 3 C(0)N), 1.27 (d, 3H, H-6 C ), 1.23 (d, 3H, H-6 B ): l3 C NMR (D 2 0): 5 199.8 
(SC=0), 174.5, 171.3 (NC(0», 103.2 (C-1 B ), 101.4 (C-l c ), 100.9 (C-1 D ), 98.6 (C-1 E ), 82.0 
(C-3 D ), 79.0 (C-4 B ), 76.6 (C-4 C ), 76.3 (C-2 E ), 72.9 (C-3 E ), 72.3 (C-5 R ), 72.2 (C-4 D ), 71.8 (C-3 C ), 
71.0 (C-2 C ), 70.5 (C-2 B , 3 B ), 69.7 (C-4 B ), 69.5 (C-4 E ), 69.1 (C-5 C , 5 D ), 68.8 (C-5 B ), 68.7 
(CH 2 0), 61.1 (C-6 D ), 60.7 (C-6 n ), 55.5 (C-2 D ), 40.1 (CH 2 NH), 33.2 (CH 2 S), 29.9 (CH 3 C(0)S), 
22.6 (CH 3 C(0)N), 17.9 (C-6 C ), 16.9 (C-6 B ). MS for C 32 H S 4N 2 0 21 S (834) m/z 857 [M + Naf . 
HRMS-MALDI Calcd for C 32 H54N 2 0 2 ,S+Na: 857.2838. Found: 857.2576. 

(£-Acetylwiomethyl)carbonyIaminoethyI 

a-L-Rham n op y ranosyK1^2)-a.L-rhamnopyranosyl-(1^3)-[o>D-glucopyranosyl).(l-*4 
)l-a-l^rhaiimoi^anosyl-(1^3)-2-acetaiiiido-2-deoxy-p.l>^Iuco (40). The 

pentasaccharide 37 (6.4 mg, 7.4 umol) was dissolved in 0.1M phosphate buffer (pH 7.4, 1.0 
mL). SAMA-Pfp (6.6 mg, 22 umol) was added, and the mixture was stirred at rt for 5 h. More 
SAMA-Pfp (6.6 mg, 22 umol) was added and the mixture was stirred for 1 h more at rt. 
RP-HPLC of the mixture gave 40 (5.4 mg, 75%). HPLC (230 nm): Rt 13.86 min (100% pure, 
Kiomasil 5 urn C18 100 A 4.6x250 mm analytical column, using a 0-20% linear gradient over 
20 min of CH 3 CN in 0.01M aq TFA at 1 mUmin flow rate). 'H NMR (D 2 0): 8 5.1 3 (d, 1H, J u 
= 3.7 Hz, H-1 E ), 4.98 (bs, 1H, H-1 A ), 4.90 (bs, 1H, H-l B ), 4.74 (bs, 1H, H-l c ). 4.47 (d! 1ft J u 
- 8.5 Hz, H-1 D ), 4.09 (m, 1H, H-5 C ), 4.00 (m, 2H, H-2 A , 2 B ), 3.79-3.85 (m, 8H, H-2 C , 2 D , 3 A , 4 A , 
4b, 6a 0 . 6bD, CH 2 0), 3.65-3.74 (m, 9H, H-3 B , 3 C , 3 B , 4c, 5 A , 5 B , 6a,, 6b E , CH 2 0), 3.60 (m, 2H,' 
CH 2 S), 3.53 (pt, 1H, H-3 D ), 3.13-3.49 (m, 7H, H-2 E , 4 D , 4e , 5 d , 5 e , CH 2 NH), 2.35 (s, 3H 
CH 3 OOS), 1.99 (s, 3H, CH 3 C=ON), 1.28 (d, 3H, H-6 C ), 1.20 (m, 6H, H-6 A , 6 B ); »C NMR 
(D 2 0): 8 199.9 (SOO), 174.5, 171.4 (NC=0), 102.8 (C-l B ), 101,7 (C-1 A ), 101.4 (C-l c ), 100.9 
(C-1 D ), 97.9 (C-l E ), 82.0 (C-3 D ), 79.7 (C-2 B ), 79.0, 76.3, 72.9, 72.4. 72.2. 71.8,71 .0, 70.5, 69 7 
69.5, 69.1, 68.8, 68.5 (XXXX, CH 2 0), 61.1 (2C, C-6 D , 6 E ), 60.7 (C6 B ), 55.6 (C-2 D ), 40 1 
(CH 2 NH), 33.2 (CH 2 S), 29.9 (CH 3 CK)S), 22.7 (CH 3 C=ON), 18.2 (C-6 C ), 17.2 (C-6 A ), 17.0 
(C-6 B ). HRMS (MALDI) Calcd for QgH^OaS+Na: 1003.3417. Found: 1003.3426. 
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PADRE (thiomethyl)carbonylaminoethyl 
a-D-glucopyranosyI-(1^4)-a-L-rhamnopyranosyl-(l^^ 

opyranoside (1). Compound 38 (5.0 mg, 7.3 nmol) was dissolved in water (500 \iL) and added 
to a solution of PADRE-Mal (10 mg, 5.68 fimol) in a mixture of water (900 nL), acetonitrile 
(100 )iL) and 0.1M phosphate buffer (pH 6,0, 1 mL). 1 17 jiL of a solution of hydroxylamine 
hydrochloride (139 mg/mL) in 0 AM phosphate buffer (pH 6.0) was added and the mixture was 
stirred for 1 h. RP-HPLC purification gave the pure glycopeptide 1 (8.5 mg, 62%). HPLC (230 
nm): Rt 10.40 min (100% pure, Kromasil 5 CI 8 100 A 4.6x250 mm analytical column, 
using a 0-20% linear gradient over 20 min of CH 3 CN in 0,01 M aq TFA at 1 mL/min flow rate). 
ESMS Calcd for C109H181N23O35S: 2405.85. Found: 2405.52. 

PADRE (thiomethyl)carbonylaminoethyl 
a-l^rhamnopyranosyl-(l~>3)-[a-D-glucopyranosyl)-(l-^4)]-a-L-rhamnopyranosyI-(1^3 
)-2-acetamido-2-deoxy-p-D-glucopyranoside (2). Compound 39 (4.9 mg, 5.8 nmol) was 
dissolved in water (500 \ih) and added to a solution of PADRE-Mal (13 mg, 7.4 jxmol) in a 
mixture of water (1 mL), acetonitrile (200 jiL) and 0.5M phosphate buffer (pH 5.7, 1.2 mL). 
117 \iL of a solution of hydroxylamine hydrochloride (139 mg/mL) in 0.5M phosphate buffer 
(pH 5.7) was added, and the mixture was stirred for 1 h. RP-HPLC purification gave the pure 
glycopeptide 2 (6.7 mg, 48%). HPLC (230 nm): Rt 1 1.60 min (100% pure, Kromasil 5 \xm CI 8 
1 00 A 4.6x250 mm analytical column, using a 20-50% linear gradient over 20 min of CH3CN in 
0,01M aq TFA at 1 mL/min flow rate). ESMS Calcd for Ci^HiojNibOsqS: 2552. Found: 
2551.90. 



PADRE (thiomethyl)carbonylaminoethyl 

a-L-Rhamnopyranosyl-(1^2)-a-l^rhamnopyranosyI-(1^3)-la-D-glucopyranosylH1^4 
)I-a-L-rhamnopyranosyl-(1^3)-2-acetamido-2-deoxy-P-n-glucopyranoside (3). 
Compound 40 (5.59 mg, 5.7 \imol) was dissolved in water (500 j*L) and added to a solution of 
PADRE-Mal (12.6 mg, 7.2 jimol) in a mixture of water (1 mL), acetonitrile (200 \iL), which 
had been previously diluted with 0.5M phosphate buffer (pH 5.7, 1.2 mL). A solution of 
hydroxylamine hydrochloride (139 mg/mL) in 0.5M phosphate buffer (pH 5.7, 117 |iL) was 
added and the mixture was stirred for 1 h. RP-HPLC purification gave the pure glycopeptide 3 
(7.1 mg, 46%). HPLC (230 nm): Rt 10.33 min (100% pure, Kromasil 5 jimC!8 100 A 4.6x250 
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mm analytical column, using a 20-50% linear gradient over 20 min of CH 3 CN in 0.01M aq TFA 
at 1 mL/min flow rate). ESMS Calcd for C21H201N23O43S: 2698. Found: 2698,09. 
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Synthesis of a pentasaccharide building block of the O-specific polysaccharide of 

Shigella flexneri serotype 2a |!| 



Abstract 



INTRODUCTION 

Shigellosis or bacillary dysentery is a serious infectious disease, responsible for some 
200 million episodes annually, mostly in children and immunocompromised individuals 
living in areas were sanitary conditions are insufficient. [2] Of the four species of Shigetlae, 
Shigella flexneri is the major responsible of the endemic form of the disease, with serotype 2a 
being the most prevalent. Due to increasing resistance of all groups of Shigellae to antibiotics, 
l3J the development of a vaccine against shigellosis is of high priority as stated by the World 
Health Organization in its program against enteric diseases. 141 However, there are yet no 
licensed vaccines for shigellosis. 

Shigella's lipopolysaccharide (LPS) is a major surface antigen of the bacterium. The 
corresponding O-antigen (O-Ag) is both an essential virulence factor and the target of the 
infected host's protective immune response. [5 ' 61 Based on the former hypothesis that serum 
IgG anti-LPS antibodies may confer specific protection against shigellosis, m several 
polysaccharide-proteine conjugates, targeting either Shigella sonnei, Shigella dysenteriae 1 or 
S. flexneri serotype 2a, were evaluated in humans. t8 ' 91 In the case of S. sonnei, recent field 
trials allowed Robbins and co-workers to demonstrate the efficacy of a vaccine made of the 
corresponding detoxified LPS covalently linked to recombinant exoprotein A. 1103 Even 
though efficient, polysaccharide-protcin conjugate vaccines remain highly complex structures, 
whose immunogenicity depends on several parameters amongst which the length and nature 
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of the saccharide component as well as its loading on the protein, ft is reasonably admitted 
that the standardization of these parameters is somewhat difficult when dealing with 
polysaccharides purified from bacterial cell cultures. That short oligosaccharides were 
immunogenic when conjugated onto a protein carrier was demonstrated on several occasions. 
,U1 It may be assumed that the use of well-defined synthetic oligosaccharides would allow a 
better control, and consequently the optimisation, of the above mentioned parameters. Indeed, 
available data on S. dysenteriae type 1 indicate that neoglycoconjugates incorporating di-, tri- 
or tetramers of the O-Ag repealing unit were more immunogenic than a detoxified LPS- 
human serum albumin conjugate of reference. 1,21 Others have shown that conjugates 
incorporating oligosaccharides comprising one repeating unit or smaller fragments were 
immunogenic in mice. fu - l4J 

Along this line, we recently prepared three neoglycoproteins as potential semi-synthetic 
vaccines against Shigella flexneri 2a infection. These incorporated short oligosaccharide 
haptens, representative either of part or of the whole repeating unit of the O-Ag of S. flexneri 
serotype 2a. Preliminary data indicate that two out of the three conjugates are immunogenic in 
mice.(Phalipon et al, unpublished results) However, parallel studies on the recognition of 
synthetic fragments of the O-Ag by protective homologous monoclonal antibodies suggested 
that sequences comprising more than one repeating unit of the O-Ag were more antigenic, 
thus probably better mimicking the natural polysaccharide. 1,51 It is anticipated that better 
mimics of the O-SP would lead to conjugates of higher immunogenicity. Thus, the 
preparation of oligo- or polysaccharides™ made of two repeating units or more was 
considered. We reasoned that it would best rely on the use of a pre-fiinctionalized building 
block, representative of the repeating unit of the O-Ag, or of a frame-shifted sequence thereof, 
and susceptible to act either as a donor and potential acceptor, or as an acceptor and potential 
donor. The synthesis of such a key synthetic intermediate is described in the following, 
together with its conversion in the form of either a donor or an acceptor. 



RESULTS AND DISCUSSION 

A B E c D 

2)-a-L-Rhap-(1^2>a-L-Rha/>-(l^ 
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The O-SP of S.flexnerl 2a is a branched heteropolysaccharide defined by the pentasaccharide 
repeating unit I. " 7 - 181 It features a linear tetrasaccharide backbone, which is common to all S. 
flexneri O-antigens and comprises a W-acetyl glucosamine (D) and three rhamnose residues 
(A, B, C). The specificity of the serotype is associated to the ct-D-glucopyranose residue 
linked to position 4 of rhamnose C. 

As part of a study of the mapping at the molecular level of the binding of protective 
monoclonal antibodies to S. flexneri 2a O-antigen, a set of of di- to pentasaccharides 
corresponding to frame-shifted fragments of the repeating unit I, f ' 9 " 22 J an octasaccharide 1231 
and more recently a decasaccharide 1241 have been synthesized in this laboratory. The latter, 
namely D'A'B'(E')C'DAB(E)C, was synthesized as its methyl glycoside by condensing a 
chain temiinator pentasaccharide donor and a methyl glycoside pentasaccharide acceptor. In 
the following, the key inteimediate is the DAB(E)C pentasaccharide 1, which is protected in 
an orthogonal fashion at position 0-3 D with an acetyl group and at the reducing end by an 
allyl group. At this stage, the acetamido function is already present at position 2 D . Compound 
1 may be converted to the corresponding alcohol 2, which acts as an acceptor and a masked 
donor, or to the trichloroacetimidate 3 which acts as an acceptor allowing subsequent chain 
elongation at the non-reducing end (Scheme 1). Previous work in the laboratory has shown 
that in order to construct the DAB(E)C sequence, the linear approach involving stepwise 
elongation at the non-reducing end, was more suitable than the blockwise one. 

D-glucosamine unit(D). In order to limit the number of steps at the pentasaccharide level, we 
reasoned that an appropriate precursor to residue D should have (i) permanent protecting 
groups at positions 4 and 6, (ii) a participating group at position 2 and (iii) an orthogonal 
protecting group at position 3, allowing easy cleavage. As they allow a wide range of 
protecting group manipulations previously to ultimate activation, thioglycosides are highly 
convenient masked donors. Recently, two sets of non-malodorous thioglycosyl donors have 
been proposed [2S 'Ref??, among which the thiododecanyl moiety was selected. Thus, the 
known peracetylated trichloroacetamide XX™ was reacted with dodecanthiol in the presence 
of BF 3 .OEt 2 to give thioglycoside XX in high yield (97%). Zemplcn deacetylation cleanly 
afforded the corresponding triol XX, which was selectively protected at position 4 and 6 upon 
reaction with 2,2-dimethoxypropane (80% from XX). Indeed, previous observations in the 
series have demonstrated that 4,6-O-isopropylidene-D-glucosaminyl derivatives were highly 
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suitable precursors to residue D. * Next, conventional acetylation of XX gave the required 
donor thioglycoside XX. 

L-Rhamnose units (A. B): Previous work in the series was mostly based on the use of the 2-0- 
acetyl trichloroacetimidate rhamnopyranosyl donor XX. ™ ^ Condensation yields were 
excellent. However, the acetyl protecting group not being folly orthogonal to the benzoyl one 
the weak point of the strategy resides in the de-O-acetylarion step which, in fact, is required 
tw,ce. The levulinate on the contrary is folly orthogonal to either benzyl or ally! ethers and to 
benzoates. The 2-0-levuIinoyl mchloroacetimidate donor XX was thus evaluated as an 
alternative to XX. It was prepared from the known allyl rhamnopyranoside XX™ in three 
steps. Indeed, treatment of XX with levulinic acid gave the folly protected XX (XX* 
ALQim, deallylation of which proceeded in two steps based on (i) isomerisation of the allyl 
group imo the propen-l-yl ether using an iridium complex, " and (2) subsequent oxidative 
cleavage of the latter to give the hemiacetal XX (XX%, ALG/GLY m Reaction of the latter 
with trichloroacetonitrile in the presence of l,8-diazabicyclo[5.4.0]undec-7-ene (DBU) 
resulted in the required donor XX (XX%, ALG/GL). One should note that several routes to the 
known XX have been described including opening of the intermediate 2,3-O-benzylidene 
denvatrve W regioselective benzylation of the corresponding 2,3-diol via the stannylidene 
mtermediate.(ref?) Alternatively, XX could be prepared from the orthoester XX, readily 
avadable from acetobromorhamnose XX upon reaction with allylic alcohol in the presence of 
lufdme (XXo/o from L-rhamnose, MPet?m. Deacetylation of XX in methanolic ammoniac 
gave chol XX, which was next benzylated into the U-orthoacetate XX (XX% from XXMPet 
Isomerisation of the latter to the corresponding glycoside in the presence of TMSOTf, 
analogously to that described in the mannose series, gave the fully protected XX (XX% 
QL, MP) together with the P -anomer XX (XX%, GX_MP). ZempI6n deacetylation of the 
former gave XX quantitatively. Besides, XX is a convenient intermediate to the 2-0- 
acetylated donor XX. 

Synthesis of the pentasaccharide 1: The known allyl glycoside XX, acting as an EC acceptor 
temporarily protected at the anomeric position and having a participating group at position 2 C ' 
was prepared as described in 63«/ 0 yield from ally, 2,3-0-ispropylidene-a-L- 
rhamnopyranoside. W Its condensation with the trichloroacetimidate donor XX, performed in 
the presence of a catalytic amount of TMSOTf, afforded the folly protected trisaccharide XX 
(XXo/o, ALG rcproduire), and subsequently the known B(E)C acceptor XX™ upon selective 
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removal of the 0-levulinoyI group with hydrazine hydrate (XX%, ALG reproduire). Starting 
from XX, this two-step process was repeated to give first the fully protected XX (XX%), then 
the known AB(E)C acceptor XX |24 » in XX% yield. According to this strategy, XX was 
obtained in XX% overall yield from the key disaccharide XX, which compares favourably 
with the 62% yield obtained in the previously described strategy involving the 2-0-acetylated 
trichloroacetimidate donor XX 1241 Besides, considering that selective deblocking at positions 
2 B and 2 A was completed in overnight runs instead of the 5 days required for each 
corresponding chemoselective O-deacetylation steps, the use of the 2-0-levulinoyl donor 
appeared as a suitable alternative to that of XX, although its preparation, may be somewhat 
lower-yielding (XX% instead ofXX%from XX, ALG/GL). Using a mixture of NIS and triflic 
acid as the promoter, condensation of the tetrasaccharide acceptor XX with the thioglycoside 
donor XX gave the key intermediate XX in 58% yield. Although alternative conditions in 
terms of promoters and solvents (not described) were tested, this rather low yield could not be 
improved. Radical dechlorination of XX using Bu 3 SnH and a catalytic amount of AE3N 
readily afforded the corresponding acetamido key intermediate 1 (74%). (attention schema) 
On one hand, compound 1 may be efficiently converted to the acceptor building block 2 under 
Zemplen conditions. On the other hand, it was smoothly deallylated into the hemiacetal XX, 
following a two-step process as described above. Next, treatment of XX with 
trichloroacetonitrile and DBU allowed its conversion to the building block 3 (82% from XX). 
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General methods 



Optical rotations were measured for CHC1 3 solutions at 25°C, expect where indicated 
otherwise, with a Perkin-Elmer automatic polarimeter, Model 241 MC. TLC were performed 
on precoated slides of Silica Gel 60 F 254 (Merck). Detection was effected when applicable, 
with UV light, and/or by chairing in 5% sulfuric acid in ethanol. 

Preparative chromatography was performed by elution from columns of Silica Gel 60 (particle 
size 0.040-0.063 mm). For all compounds the NMR spectra were recorded at 25°C for 
solutions in CDC1 3 , on a Bruker AM 400 spectomctcr (400 MHz for 'H, 100 MHz for ,3 C). 
External references : for solutions in CDCI3, TMS (0.00 ppm for both 'H and l3 Q. Proton- 
signal assignements were made by first-order analysis of the spectra, as well as analysis of 2D 
'H-'H correlation maps (COSY) and selective TOCSY experiments. Of the two magnetically 
non-equivalent geminal protons at C-6, the one resonating at lower field is denoted H-6a and 
the one at higher field is denoted H-6b. The l3 C NMR assignments were supported by 2D ,3 C- 
*H correlations maps (HETCOR). Interchangeable assignments are marked with an asterisk in 
the listing of signal assignments. Sugar residues in oligosaccharides are serially lettered 
according to the lettering of the repeating unit of the O-SP and identified by a subscript in the 
listing of signal assignments. Fast atom bombardment mass spectra (FAB-MS) were recorded 
in the positive-ion mode using ditmoerythridol/dithio-L-threitol (4 :1, MB) as the matrix, in 
the presence of NaL and Xenon as the gas. Anhydrous DCM, 1,2-DCE and Et 2 0, sold'on 
molecular sieves were used as such. 4 A powder molecular sieves was kept at 100°C and 
activated before use by pumping under heating at 250°C. 

Dodecyl 3 A6-tri-0-acetvK-deo^^ (g) 

A mixture of the peracetylated 4 (6.2 g, 12.5 umol) and dodecanthiol (2.5 mL, 94 umol), 4A 
molecular sieves and dry 1,2-DCE (90 mL) was stirred for 1 h then cooled to 0«C. BF 3 .Et 2 0 
(1.57 mL, 12.5 umol) was added. The stirred mixture was allowed to reach rt in 2h30. Et 3 N 
was added until neutral P H and the mixture filtered. After evaporation, the residue was eluted 
from acolumn of silica gel with 2:1 cyclohexane-EtOAc to give 5 as a white solid (7.5 g, 93 
%); [a] D -20° (c I, CHCI3). >H NMR (CDC1 3 ): 8 6.82 (d, 1H, J WH = 9.2 Hz, NH), 5.31 ^dd, 
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1H, - 9.9 Hz, J 3 .4 = 9.6 Hz, H-3), 5.15 (dd, 1H, J AS - 9.6 Hz, H-4), 4.68 (d, 1H, 7 U = 10.3 
Hz,H-l),4.28(dd, lH,J St6a = 5.0 Hz, ./<*,«, ==12.3 Hz, H-6a), 4.17 (dd, 1H, J St a> = 2.3 Hz, H- 
6b), 4.11 (dd, 1H, H-2), 3.75 (m, 1H, H-5), 2.70 (m, 2H, SCtf 2 (CH 2 ) I0 CH 3 ), 2.10, 2.05, 2.04 
(3s, 9H, OAc), 1.65-1.20 (m, 20H, SCH 2 (C// 2 )i 0 CH 3 ), 0.90 (t, 3H, SCH 2 (CH 2 ),oC/f 3 ). 13 C 
NMR (CDC1 3 ):8 171.0, 170.7, 169.3 (OO), 161.9 (C=OCCl 3 ), 92.3 (CC1 3 ), 84.2 (C-l), 76.5 
(C-5), 73.4 (C-3), 68.6 (C-4), 62.6 (C-6), 55.2 (C-2), 32.3, 30.6, 30.0-29.1, 14.5 
(S(CH 2 )„CH 3 ), 21.1, 21.0, 20.9 (OAc). FABMS of C 26 H 42 C1 3 N0 8 S (M, 635.0), m/z 658.1 
[M+Na] + . Anal. Calcd for Ca^CfcNOgS, C: 49.17, H: 6.67, N: 2.21. Found C: 49.16, H: 
6.71, N: 2.13. 

Dodecyl 2-deoxy^ s 6^isopropylidene-l-thio-2-trichIoroacetamldo-p-D^Iucopynuioside 
(7). 

A mixture of 5 (5 g, 7.87 mmol) in MeOH (15 mL) was deacetylated by MeONa overnight. 
The solution was neutralized by IR 120 (H 4 ) and Filtrated. After concentration in vacuo, the 
residue 6 was treated by 2,2-dimethoxypropane (70 mL, 546 mmol) and APTS (148 mg, 0.94 
mmol) in DMF (20 mL). After stirring overnight, the mixture was neutralized with Et 3 N and 
concentrated. The residue was eluted from a column of silica gel with 3:1 cyclohcxane-EtOAc 
to give 7 as a white solid (3.45 g, 80 %); [a] D -35° (c 1 , CHC1 3 ). 

'H NMR (CDC1 3 ):8 6.92 (d, IH. J 2m - 8.0 Hz, NH), 4.77 (d, 1H, J U2 = 10.4 Hz, H-l), 3.98 
(m, 1H, = J 3A = 9.2 Hz, H-3), 3.88 (dd, 1H, J SM = 5.4 Hz, J 6a>6b = 10.8 Hz, H-6a), 3.70 
(dd, 1H, Jj^, = 0.5 Hz, H-6b), 3.63 (m, 1H, H-2), 3.53 (dd, 1H, y 4 .s = 9.2 Hz, H-4), 3.29 (m, 
1H. H-5), 2.98 (s, 1H, OH), 2.60 (m, 2H, SC// 2 (CH 2 ) 10 CH 3 ), 1.60-1.10 (m, 20H, 
SCH 2 (C// 2 ), 0 CH 3 ), 1.45, 1.35 (2 s, 6H, C(CH 3 ) 2 ), 0.80 (t, 3H, SCH 2 (CH 2 ) 10 Cff 3 ). ,3 C NMR 
(CDC1 3 ):8 162.5 (OOCCI3), 100.3 (C(CH 3 ) 2 ), 92.8 (CC1 3 ), 84.0 (C-1), 74.6 (C-4), 72.3 (C- 
3), 71.7 (C-5), 62.2 (C-6), 58.3 (C-2), 29.3, 19.5 (C(CH 3 ) 2 ), 32.3, 30.8, 30.1-29.5, 29.1, 14.5 
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(SCH 2 (CH 2 ) 10 CH 3 ). FABMS of C23H10CI3NO5S (M, 548.9), mh 572.2 [M+Na] + . Anal. Calcd 
for C 2 3H4oCl 3 NO s S, C: 50.32, H: 7.34, N: 2.55. Found C: 50.30, H: 7.40, N: 2.36. 

Dodecyl 3-0-acetyl-2-deoxy-4,<HO-isopropyIidene-l-thio-2-trichIoroacetamido-p-D- 
glucopyranoside (8). 

A mixture of 7 (1.07 g, 1.94 mmol) in pyridine (10 mL) was cooled to 0°C. Ac z O (5 tnL) was 
added and the solution was allowed to reach rt in 2 h. The mixture was then concentrated and 
the pyridine coevaporated with toluene. The residue was elutcd from a column of silica gel 
with 6: 1 cyclohexane-EtOAc with 0.2% of Et 3 N to give 8 as a white solid (1.12 g, 97 %), [a] D 
-62°(cl,CHCl 3 ) 

'H NMR (CDC1 3 ):5 7.51 (d, 1H, J 2 , N „ - 9.7 Hz, NH), 5.40 (dd, 1H, J 2 , 3 = J 3A - 10.0 Hz, H-3), 
4.62 (d, 1H, Aa = 10.4 Hz, H-l), 4.20 (m, 1H, H-2), 4.01 (dd, 1H, J 5j6a = 5.2 Hz, = 1 0.7 
Hz, H-6a), 3.84 (dd, 1H, As = 9.7 Hz, H-4), 3.70 (m, 2H, H-5, H-6b), 2.68 (m, 2H, 
SC// 2 (CH 2 ) l0 CH 3 ), 2.09 (s, 3H, OAc), 1.60-1.20 (m, 20H, SCH 2 (Cff 2 ) 10 CH 3 ), 1.52, 1.38 (2 s, 
6H, C(CH 3 ) 2 ), 0.90 (t, 3H, SCH 2 (CH 2 ) 10 C/f 3 ). ,3 C NMR (CDC1 3 ):8 171.4 (OOCH 3 ), 161.8 
(OOCCI3), 99.5 (C(CH 3 )2), 92.3 (CC1 3 ), 84.6 (C-l), 73.6 (C-3), 72.0 (C-4), 71.9 (C-5), 62.2 
(C-6), 55.0 (C-2), 29.1, 19.3 (C(CH 3 ) 2 ), 32.3, 30.7, 30.0-29.0, 14.5 (SCH 2 (CH 2 ), 0 CH 3 ). 
FABMS of C 25 H 42 C1 3 N0 6 S (M, 591.0), m/z 614.1 [M+Naf. Anal. Calcd for C^Cl^S, 
C: 50.80, H: 7.16, N: 2.37. Found C: 50.67, H: 7.32, N: 2.24. 



3,4-Di-£?-acetyM,2-0-allyloxyethylidene-p-L-rhamnopyranose (12). A mixture of L- 
rhamnose monohydrate (50 g, 274 mmol) in pyridine (410 mL) was cooled to 0°C. Ac 2 0 (170 
mL) was added and the solution was allowed to reach rt overnight. MeOH (100 mL) was 
added and the solution concentrated. The resulting suspension was taken up in DCM, washed 
with water, satd aq NaHCCb, water, and satd aq NaCl, successively. The organic layer 
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dried and concentrated to give the crude peracetylated rhamnose (quant.) as a slightly yellow 
oil. A solution of latter (21.15 g, 63.7 mmol) in acetic acid (38 mL) and acetic anhydride (6.7 
mL) was treated by a 33%. solution of HBr in AcOH (86 mL), then stirred for 15 h at rt. The 
mixture was concentrated by repeated coevaporation with cyclohexane. The resulting 
suspension was taken up in DCM, washed with satd aq NaHC03 and water. The organic layer 
was dried and concentrated to give 11 (quant) as a brown oil. A solution of the crude 11 
(22.29 g) in anhydrous 2,6-lutidine (37 mL) was treated by AUOH (9.6 mL, 142 mmol) at rt. 
The solution was stirred overnight, then filtered and the solids were washed with EtOAc. The 
liquid layer was concentrated and the residue was taken up in DCM, washed with 1M HC1 
cold solution, water and satd aq NaCI. The organic layer was dried and concentrated by 
coevaporation with toluene. Chromatography of the crude residue (toluene:acetone, 49:1 
containing 0.1% Et 3 N) gave orthoester 12 (18.5 g, 88%) as a slightly yellow oil which 
crystallized on standing. An analytical sample was recristallized from isopropyl 
ethenpetroleum ether; mp XX°C, [ct] D -XX 0 (c 1, CHCI3); ! H NMR (CDC1 3 ):5 5.88 (m, 1H, 
All), 5.42 (d, 1H, J h2 = 2.3 Hz. H-l), 5.25-5.40 (m, 2H, All), 5.10 (dd, 1H, J 2 , 3 - 3.3 Hz, H-3), 
5.05 (dd, 1H, As = 6.3 Hz, H-4), 4.60 (dd, 1H, H-2), 4.05 (m, 2H, All), 3.50 (qd, 1H, J M - 
6.2 Hz, H-5), 2.12, 2.06 (2s, 6H, OAc), 1.76 (s, 3H, CH 3 ), 1.23 (d, 3H, H-6); n C NMR 
(CDCh):5 171.4 (C=OCHs) t 16L8 (C=OCCl3). 99.5 (C(CH^ 92.3 (CCI& 84.6 (C-l), 73.6 
(C-3). 72.0 (C-4), 71.9 (C-5) t 62.2 (C-6), 55.0 (C-2), 29.1, 19.3 (C(CHM 32.3, 30.7 \ 30.0- 
29.0, 14.5 (SCH 2 (CH2),oCH^ FABMS of C 2S IUiChN0 6 S (M, 591.0) m/z 614.1 [M+NaJ + . 
Anal. Calcdfor C23H43&3NO& C: 50.80, H: 7.16, N: 2.37. Found C: 50.67, H: 7.32, N: 
2.24. 

3,4-DW>-benzyM,2-0-allyloxyethyIiclene-P-L-rhamnopyranose (14). A solution of the 
crude peracetylated rhamnose (9.0 g, 27 mmol) was processed as described for the preparation 
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of 12. A solution of the crude 12 thus obtained in MeOH (65 mL) was cooled to 0°C and 
treated with NH 3 until saturation. The solution was stirred for 6 h at rt, then concentrated by 
co-evaporation with toluene to give 13. Column chromatography (DCM.MeOH, 49:1) gave 
pure 13 as a white solid. 'H NMR (CDC1 3 ):8 5.75 (m, 1H, All), 5.22 (d, 1H, H-l), 5.00-5.10 
(m, 2H, All), 4.60 (dd, 1H, H-2), 4.30 (d, 1H, H-3), 3.80 (m, 2H, All), 3.50 (m, 1H, H-5), 3.20 
(t, IH, H-4), 1.80 (s, 3H, CH 3 ), 1.20 (d, 3H, J 5A - 6.2 Hz, H-6). 

A solution of crude 13 in anhydrous DMF (90 mL) was cooled to 0°C. NaH (4.32 g, 108 
mmol) was added in 30 min then BnBr (8.5 mL, 71 mmol) was added dropwise at 0°C. The 
solution was stirred overnight at it, then MeOH (20 mL) was added dropwise at 0°C. The 
solution was allowed to reach rt in 2 h, then concentrated. The residue was taken up in DCM, 
washed with satd aq NaHC0 3 until neutral pH, water and satd aq NaCl. The organic layer was 
dried and concentrated. After evaporation, the residue was eluted from a column of silica gel 
with 9:1 cyclohexane-EtOAc and 0.2 % of Et 3 N to give 14 as a white solid (8 g, 70%). 
Crystallization of an analytical sample from isopropyl ethenpetroleum ether gave 13 as white 
crystals; mp XX°C, [a] D XX" (c 1, CHC1 3 ); »H NMR (CDC1 3 ):6 7.35 (m, 10H, Ph), 5.90 (m, 
1H, All), 5.30 (d, 1H, J l2 = 2.2 Hz, H-l), 5.28-5.43 (m, 2H, All), 4.95-4.65 (m, 4H, CH 2 Ph), 
4.40 (dd, 1H, J 2 , 3 = 4.0 Hz, H-2), 4.10 (m, 2H, All), 3.70 (d, 1H, J 3A - 9.0 Hz, H-3), 3.50 (t, 
1H, y 4>5 = 9.0 Hz, H-4), 3.35 (m, 1H, J s , 6 = 6.2 Hz, H-5), 1 .77 (s, 3H, CH 3 ), 1 .33 (d, 3H, H-6); 
"C NMR (CDCl } ):S 171.4 (C-OCHs), 161.8 (C-OCCI3). 99,5 (C(CHM 92.3 (CCl 3 ), 84.6 
(C-l), 73.6 (C-3), 72.0 (C-4), 71.9 (C-5), 62.2 (C-6), 55.0 (C-2), 29.1. 19.3 (C(CH 3 )& 32.3. 
30.7. 30.0-29.0. 14.5 (SCINCH* l0 CH 3 ). FABMS of CM&sNO* (M. 591.0) m/z 614.1 
[M+NaJ*. Anal. Calcdfor C 25 H 42 Cl i NO&, C: 50.80. H: 7.16, N: 2.37. Found C: 50.67. H: 
7.32. N: 2.24 
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Allyl 2-0-acetyl 3,4-Di-O-benzyI-P-L-rhamnopyranoside (15). A mixture of the orthoester 
14 (470 mg, 1.1 mmol), 4A molecular sieves and dry DCE (6.1 mL) was stirred for 15 min. 
TMSOTf (72 fjL, 0.4 mmol) was added at rt. The solution was stirred for 4 h at rt and the 
mixture fdtered. The liquid layer was washed with satd aq NaHC0 3 and water. The organic 
layer was dried and concentrated. After evaporation, the residue was eluted from a column of 
silica gel with 95:5 toluene-BtOAc to give 15 as a white foam (238 mg, 51 %). 1H NMR 
analysis showed that 15 was mixture ofanomers in a XX.XX ratio. 

) Allyl 3,4-di-O-benzyl -p-L-rhamnopyranose (16). Compound 15 (194 mg, 0.4 mmol) was 
dissolved in DCM (4 mL). McONa was added until pH=9. The mixture was stirred for 2 h 
then treated by IR 120 (H+) until neutral pH. The solution was filtered and concentrated. The 
residue was eluted from a column of silica gel with 4:1 cyclohexane-AcOEt to give 16 as a 
colorless oil (145 mg, 95 %); [cc] D • ( c 1, CHC1 3 ); 'HNMR (CDC1 3 ):8 7.35 (m, 10H, Ph), 5.90 
(m, 1H, All), 5.30 (d, 1H, J h2 = 1.5 Hz, H-l), 5.05 (m, 2H, All), 4.90-4.65 (m, 4H, CH 2 Ph), 
4.05 (m, 1H, y 2 , 3 = 3.5 Hz, H-2), 3.95-4.15 (m, 2H, All), 3.90 (dd, 1H, J 3 .4 = 9.0 Hz, H-3), 

: 3.75 (m, 1H, J A j = 9.0 Hz, J 5<6 = 6.2 Hz, H-5), 3.47 (t, 1H, H-4), 2.50 (s, 1H, OH), 1.32 (d, 

, 3H.H-6). 

i 

. Allyl 3,4-di-0-benzyl-2-0-levnlinoyl-a-L-rhamnopyranoside (17). A mixture of 16a (2.0 g, 
• 5.2 mmol) in THF (85 mL) was treated with DCC (?), levulinic acid (?) and DMAP (?) at rt. 
The solution was stirred during 15 h. The solution was concentrated. The residue was eluted 
from a column of silica gel with 99.5:0.5 to 98:2 DCM-AcOEt to give 17 (?g, ? %) as a foam. 
|'H NMR (CDCI3): 8 7.3-7.4 (m, 10H, Ph), 5.90 (m, 1H, All), 5.40 (dq, 1H, J U2 = 1.8, J 2 , 3 = 
;3.4 Hz, H-2 ), 5.28 (m, 1H, All), 5.20 (m, 1H, All), 4.93 (d, IH, CH 2 Ph), 4.78 (d, 1H, J U2 = 
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1.6 Hz, H-l), 4.78 (d, 1H, CH 2 Ph), 4.63 (d, 1H, CH 2 Ph), 4.51 (d, la CH 2 Ph), 4.17 (m, 1H, 
All), 3.99 (m, IH, All), 3.99 (m, 1H, J 3A - 9.5 Hz, H-3), 3.78 (dq, IH, J AS - 9.5, J sfi - 6.2 Hz, 
H-5), 3.43 (pt, 1H, H-4), 2.80 (m, 4H, lev), 2.19 (s, 3H, Ac), 1.37 (d, 3H, H-6). 13 C NMR 
(CDClj): 8 124.0-125.1 (Ph), 118.0 (All ), 97.0 (C-l), 80.2 (C-4), 78.5 (C-3), 75.2 (CH 2 Ph), 
72.0 (CH 2 Ph), 70.2 (C-2), 68.5 (All), 68.3 (C-5), 38.5 (Lev), 31.5 (Ac), 28.5 (lev), 20.1 (C-6). 

3,4-Di-0-bcnryl-2-0-levulinoyI-a-L-rhamnopyranose (18). 1,5-Cyclooctadiene- 
bis(methyldiphenylphosphine)iridium hexafluorophosphate (25 mg, 20 jamol) was dissolved 
THF (? mL), and the resulting red solution was degassed in an argon stream. Hydrogen was 
then bubbled through the solution, causing the colour to change to yellow. The solution was 
then degassed again in an argon stream. A solution of 17 (1.4 g, 3.12 mmol) in 
tetrahydrofiiran (? mL) was degassed and added. The mixture was stirred at rt overnight, then 
concentrated to dryness. The residue was dissolved in a solution of I 2 (1.37 g, 5.4 mmol) in 30 
mL of THF/H 2 0 (15:4). The mixture was stirred at rt for 1 h and THF was evaporated. The 
resulting suspension was taken up in DCM, washed twice with water, satd aq NaHS03, water, 
satd aq NaHC03, water and satd aq NaCl, successively. The organic layer was dried and 
concentrated. The residue was eluted from a column of silica gel with 7:3 to 6:4 cyclohexane- 
EtOAc to give the corresponding hemiacetal 18 (1.3 g, 93 %). *H NMR (CDCb): *H 8 7.3-7.4 
(m, 10H, Ph), 5.40 (dq, 1H, J u = 1.8, y 2l3 = 3.4 Hz, H-2 ), 4.93 (d, 1H, CH 2 Ph), 4.78 (d, 1H, 
Jia = 1.6 Hz, H-l), 4.78 (d, 1H, CH 2 Ph), 4.63 (d, 1H, CH 2 Ph), 4.51 (d, IH, CH 2 Ph), 3.99 (m. 
1H, 7 3 .4 - 9.5 Hz, H-3), 3.78 (dq, IH, = 9.5, J s .6 - 6.2 Hz, H-5), 3.43 (pt, IH, H-4), 2.80 
(m, 4H, lev ), 2.19 (s, 3H, Ac), 1 .37 (d, 3H, H-6). 

3,4-Di-0-benzyI-2-0-levulinoyl-a-L-rhamnopyranosyl trichloroacetimidate (1 9). 



7 



CA. 02434668 2003-07-07 

LM PP 1 3-«xp-brevet-penlablock 



Trichloroacetonitrile (1.3 mL, 13 mmol) and DBU (51 nL, 0.3 mmol) were added to a 
solution of the residue 18 (1.0 g, 2.3 mmol) in anhydrous DCM (6 mL) at 0°C. After 2 h, the 
mixture was concentrated. The residue was eluted from a column of silica gel with 3:1 
cyclohexane-EtOAc and 0.2 % Et 3 N to give 19 as a white foam (1.0 g, 95 %); [a] D XX 0 (c 1, 
CHCI3). 'H NMR (CDCI3): »H 8 8.67 (s, 1H, NH ), 7.3-7.4 (m, 10H, Ph), 6.19 (d, 1H, J U2 = 
1.9 Hz, H-l), 5.48 (dd, 1H, J ia - 2.0, J2.3 = 3.3 Hz, H-2 ), 4.95 (d, 1H, CH 2 Ph), 4.73 (d, 1H, 
CH 2 Ph), 4.66 (d, 1H, CH 2 Ph), 4.58 (d, 1H, CH 2 Ph), 4.51 (d, 1H, CH 2 Ph), 4.00 (dd, 1H, J h < = 
9.5 Hz, H-3), 3.95 (dq, 1H, J 4 , s - 9.6, J 5A = 6.3 Hz, H-5), 3.52 (pt, 1H, H-4), 2.80 (m, 4H, 
lev), 2.20 (s, 3H, Ac), 1.36 (d, 3H, H-6). 

AUyl ( 2 -0-»ev«!inoyl-3,4-di-C^benzyl-a-i^rhaiimopyranosyl)K1^3)-[2A4,6^tetra-0- 
benzyl-a,D.glucopyr a nosyl-(l-M)1.2-0.benzovl-a-i^rhaiiiiiopyrano S ide (22). A mixture 
of alcohol 21 (300 mg, 0.36 mmol) and imidate 19 (320 mg, 0.54 mmol) in anhydrous Et 2 0 
(20 mL) was stirred for 15 min under dry Ar. After cooling at -75°C, MeaSiOTf (13 uL, 70 
umol) was added dropwise and the mixture was stirred 3 h. Triethylamine (60 pL) was added 
and the mixture was concentrated. The residue was eluted from a column of silica gel with 9:1 
cyclohexane-EtOAc to give 22 (440 mg, 92 %) as a colorless foam; [<x] D XX°(cI, CHCI3). 
'H NMR (CDCl3):6 7.1-8.1 (m, 35H, Ph), 5.95 (m, 1H, All), 5.73 (dd, 1H, J ia = 2.2, y w = 2.3 
Hz, H-2 B ), 5.43 (dd, 1H, y I>2 = 2.0 Hz, J 2J = 3.0 Hz, H-2c), 5.30 (m, 2H, All), 5.08 (d, 1H, J la 
= 3.2 Hz, H-ln), 5.03 (d. 1H, J ia = 1.7 Hz, H-i B ), 4.97 (d, 1H, J 1A - 1.9 Hz, H-l c ), 4.30-5.00 
(m, 12H, CH 2 Ph), 4.20 (m, 2H, All, H-3 C ), 4.05 (m, 3H, All, H-3 E , 5 K ), 3.98 (m, 1H, H-6aE), 
3.81 (m, 5H, H-3 B , 4 C , 4 E , 5 C , 6 E ), 3.69 (dq, 1H, J 4 j = 9.3, J 5 , 6 = 6.0 Hz, H-5 B ), 3.52 (dd, 1H, 
y 2 .3 - 9.7 Hz, H-2 B ), 3.29 (dd, 1H, J M = y 4 . 5 = 9.4 Hz, H-4 B ), 2.71. (m, 4H, Lev), (s, 3H, Ac), 
1.40 (d, 3H, H-6 C ), 1.01 (d, 3H, H-6 B ). 
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AHyl (3,4-di-O-benzyl-0t-L-rhamnopyranosyl)-(l-*3)-[2,3»4,6-tetra-O-benzyl-a-D- 
glucopyranosyl-(l-»4)]-2-0-benzoyl-a-L-rhamnopyranoside (23). The trisaccharide 22 
(200 mg, 0.16 mmol) was treated with 0.4 mL of a solution 1M of hydrazine (100 mg) diluted 
in a mixture of pyridine (1.6 mL) and acetic acid (0.4 mL) at rt The solution was stirred 
during 20 min. Acetone (1.2 mL) was added and the solution was concentrated. The residue 
was eluted ftom a column of silica gel with 98.5:1.5 Dichloromethane-AcOEt to give 23 (174 
mg, 92 %) as a foam; [a] D +14° (c I, CHCfe); 'H NMR (CDC1 3 ):S 7.05-8.10 (m, 35H, Ph), 
5.82 (m, 1H, All), 5.25 (dd, 1H, 7 U = 1.7 Hz, y 2 , 3 = 3.1 Hz. H-2c), 5.19 (m, 2H, All), 5.00 (d, 
1H, J xa - 3.1 Hz, H-Ik), 4.87 (d, 1H, J ia - 1.8 Hz, H-1 B ), 4.81 (d, 1H, H-l c ), 4.35-4.90 (m, 
12H, C// 2 Ph), 4.00-4.20 (m, 2H, All), 4.10 (dd, 1H, J 3A - 8.5 Hz, H-3 C ), 4.09 (dd, 1H, J 2J - 
3.2 Hz, H-2 B ), 3.95 (m, 1H, 7 4 ,5 = 9.5 Hz, H-5 F .), 3.92 (dd, 1H, J 2a = 9.5 Hz, y 3>4 = 9.5 Hz, H- 
3 E ), 3.78 (m, 1H, J 5<6 = 6.0 Hz, H-5 C ), 3.70 (m, 1H, H-4 C ), 3.58-3.62 (m, 2H, H-6a e , 6b K ), 3.59 
(m, 1H, J 4JS = 9.0 Hz, J Sj6 = 6.2 Hz, H-5 B ), 3.54 (dd, 1H, H-4 E ), 3.48 (dd, 1H, / 3l4 = 8.5 Hz, H- 
3 B ), 3.45 (dd, 1H, H-2 E ), 3.31 (dd, 1H, H-4 B ), 2.68 (d, 1H, J 2 .oh = 2.3 Hz, O-H), 1.29 (d, 3H, 
H-6 C ), 1.09 (d, 3H, H-6b). u C NMR (CDC1 3 ):S 166.2 (C=0), 1 18.2-137.5 (Ph, All), 103.1 (C- 
1b), 98.5 (C-l E ), 96.6 (C-l c ), 82.1 (C-3e), 81.4 (C-2 E ), 80.4 (C-4 B ), 79.7 (C-3 B ), 79.4 (C-4c), 
78.9 (C-3 C ), 78.1 (C-4 E ), 76.0, 75.5, 74.5, 74.2, 73.6, 72.1 (CH 2 Ph), 73.7 (C-2 C ), 68.9 (C-6e), 
68.8 (C-5 B ). 68.7 (All, C-5e), 68.1 (C-5 C ), 19.1 (C-6 C ), 18.2 (C-6 B ). FABMS of C 70 H 76 O l5 
(M, 1156.5), m/z 1179.5 ([M+Na]*). Anal. Calcd for C 70 H76O I5 : C, 72.64; H, 6.62. Found C, 
72.49; H, 6.80. 

A,I y' (^O-acetyM^-O-isopropylidene-^trichloroacetamido^-deoxy-P-D- 
glucopyranosy0<1^2)-(3,4-di-a-benzyl-a-L-rhamnopyranosylH1^2H3,4-di-O-benzyk 
a-L-Hiamnopyranosyl>(l-^3)-I2,3,4,<^tetra-0-benzyl-a-D-glucopyranosyl.(l->4)]-2-0- 
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benzoyl-a-L-rhamnopyranoside (26). A mixture of the donor 8 (294 mg, 357 umol) and Ihe 
acceptor 25 (313 mg, 21 1 umol), 4A molecular sieves and dry DCM (4 mL) was stirred for 
1.5 h then cooled to -15°C. NIS (94 mg, 0.42 mmol) and Triflic acid (8 nL, 0.1 mmol) were 
successively added. The stirred mixture was allowed to reach 0°C in 1.5 h. Et 3 N (25 |xL) was 
added and the mixture filtered. After evaporation, the residue was cluted from a column of 
silica gel with 6:1 cyclohexane-EtOAc and 0.5 % of Et 3 N to give 26 as a white foam (232 mg, 
58 %); [a] D -2° (c 1, CHC1 3 ); ! H NMR (CDCI3): 'H 8 7.00-8.00 (m, 45H, Ph), 6.81 (d, 1H, 
Ji,m - 9.0 Hz, NH D ), 5.82 (m, 1H, All), 5.30 (dd, 1H, Ji >2 = 1.0, J 2 j - 3.0 Hz, H-2 C ), 5.10- 
5.23 (m, 2H, All), 4.96 (bs, 1H, H-1 A ), 4.91 (d, IH, J lA - 3.1 Hz, H-l E ), 4.87 (d, 1H, 7,. 2 - 1.6 
Hz, H-H), 4.84 (bs, IH, H-l c ), 4.79 (dd, IH, J 2 j - J iA = 10.0Hz, H-3 D ), 4.35 (d, IH, H-1 D ), 
4.34 (dd, IH, H-2 D ), 4.20-4.80 (m, 16H, CH 2 Ph), 4.00 (dd, IH, H-2a), 3.90 (dd, IH, H-2 D ), 
2.90-4.10 (m, 22H, All, H-2e, 3a, 3 b , 3 c , 3 e , 4 a , 4 u , 4 c , 4 n , 4 E , 5 A , 5 B , 5 C , 5 D , 5 E , 6a D , 6b D , 
6aH, 6b E ), 1.93 (s, 3H, OAc), 1.2-0.9 (m, 15H, C(CH 3 )2, H-6 A , 6 B , 6 C ). ,3 C NMR (CDC1 3 ):8 
170.7, 165.5, 161.7 (C=0), 138.4-117.3 (Ph, All), 101.7 (C-1 D ), 100.8 (C-1 B ), 100.6 (C-1 A ), 
99.5 (C(CH 3 ) 2 ), 97.9 (C-1 E ), 95.7 (C-l c ), 92.0 (CC1 3 ), 82.2, 81.7, 81.6, 80.3, 79.9, 78.8, 77.9, 
77.9, 76.6, 76.0, 75.8, 75.4, 75.1, 74.7, 74.3, 74.1, 73.3, 72.8, 72.6, 71.9, 71.5, 70.8, 69.0, 
68.8, 68.5, 68.0, 67.8, 62.0, 56.7 (C-2 D ), 28.6 (C(CH 3 )2), 21.3 (OAc), 19.4 (C(CH 3 ) 2 ), 19.0, 
18.5, 18.4 (3C, C-6 A , 6 B , 6 C ). FABMS of Ci 03 H U 4Cl 3 NO25 (M, 1872.3), m/z 1894.6 [M+Na] + . 
Anal. Calcd for CosHi^CUNO^, C: 66.07, H: 6.14, N: 0.75. Found C: 66.08, H: 6.09, N: 
0.81. 

Allyl (2-acetamido-4,6-0-isopropylidene-2-deoxy-P-D-glucopyranosyl)-(l->2)-(3,4-di-0- 

benzyl-a-L-rhamnopyranosyl)-(l->2)-(3,4-di-0-benzyl-a-L-rhamnopyranosyl)-(l->3)- 

[2,3,4,6-tetra-0-benzyl-a-D-glucopyranosyl-(l-»4)-]-2-<!>-benzoyI-a-L-rhamnopyranoside 
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(2). The pentasaccharide X (2.65 g, 1.47 rnmot) was dissolved in MeOH (20 mL). MeONa 
was added until pH=40. The mixture was stirred for 25 min then treated by IR 120 (If") until 

; * neutral pH. The solution was filtered and concentrated. The residue was eluted from a column 

« 

i 

of silica gel with 9 : 1 DCM-MeOH to give the expected triol which was then treated by 2,2- 
dimethoxypropane (11 mL, 0.1 mol) and APTS (20 mg, 0.17 mmol) in DMF (20 mL) 
overnight. Et 3 N was added and the solution evaporated. The residue was eluted from a column 
! of silica gel with 1:1 Cyclohexane-AcOEt and 0.2 % of Et 3 N to give 2 as a white foam (2.05 
J g, 81 % from X); [a] D +3° (c 1, CHC1 3 ). J H NMR (CDC1 3 ) : 5 6.98-8.00 (m, 45H, Ph), 6.17 
\ (bs, 1H, NH D ), 5.82 (m, 1H, All), 5.30 (dd, 1H, J lA « 1.0, J 2 j = 3.0 Hz, H-2c), 5.1 1-5.25 (m, 
\ 2H, All), 5.06 (bs, 1H, H-Ia), 4.92 (d, 1H, J, a = 3.1 Hz, H-1 E ), 4.88 (d, lH,y u = 1.6 Hz, H- 
1b), 4.84 (bs, 1H, H-l c ), 4.35 (d, 1H, H-1 D ), 4.34 (dd, 1H, H-2 B ), 4.20-4.80 (m, 16H, CH 2 Ph), 
| 4.05 (dd, 1H, H-2 A ), 3.36 (dd, 1H, H-2 E ), 2.90-4.10 (m, 22H, All, H-2 D , 3 A , 3 B , 3 C , 3 D , 3 E , 4 A , 
| 4 B , 4c, 4d, 4 e , 5 a , 5 b , 5 c , 5 0 , 5 E , 6a D , 6bo, 6^, 6b B ), 1.5 (s, 3H, AcNH), 1.2-0.9 (m, 15H, 
: C(CH 3 ) 2 , H-6 A , 6 B , 6 c ). "C NMR: 8 172.7 (C=0), 164.9 (C=0), 137.7-1 16.7 (Ph, All), 102.3 
(C-1 D ), 100.2 (C-1 B ), 100.0 (C-1 A ), 98.9 (C(CH 3 ) 2 ), 97.2 (C-1 E ), 95.1 (C-l c ), 82.1, 82.0, 81.8, 
; 81.6, 80.6, 80.3, 79.0, 78.8, 78.3, 77.8, 77.6, 75.7, 75.6, 75.0, 74.3, 72.8, 71.8, 71.6, 70.8, 
; 70.3, 69.0, 68.5, 67.8, 67.4, 61.9, 60.8, 60.5, 29.4 (C(CH 3 )2), 22.7 (AcNH), 19.0 (C(CH 3 ) 2 ), 

i 

j l8 - 9 . 18.4, 18.2 (3C, C-6 A .6 B .6 C ). FAB-MS for C| 0 |H,| 9 NQm (M= 1726.9) m/z 1749.7[M + 
Naf. Anal. Calcd. for CioiH„sN0 2 4.H 2 0 : C, 69.52 ; H, 6.76 ; N, 0.80. Found C, 69.59; H 
j 6.71 ; N, 0.57. 

\ AHyl (2-acetamido-3-0-acetyl-4,6-<>-isopropylidene-2-deoxy-P-D-gIucopyranosyl)-(l-»2)- 
;(3,4-di-0-benzyl-a-L-rhamnopyranosyl)-(l->2H3,4-di-0-benzy!-o>L-rhamnopyranosyl)- 
;(l->3)-[2,3,4,6-tetra-0-benzyl-a-D-gtucopyranosyl-(l->4)-]-2-0-benzoyNa-L- 

irhamnopyranoside (1). (a) A mixture of 2 (2.05 g, 1.19 mmol) in Pyridine (60 mL) was 

« 
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cooled to 0°C. Ac 2 0 (20 mL) was added and the solution was stirred 2.5 h. The solution was 
^concentrated and coevaporated with toluene. The residue was eluted from a column of silica 
gel with 2:1 Cyclohexane-AcOEt and 0.2 % of Et 3 N to give 1 as a white foam (1.99 g, 94 %); 

[a] D +l°(cl,CHCl 3 ). 

(b) A mixture of 26 (144 mg, 0.06 mmol), Bu 3 SnH (0.1 mL, 0.37 mmol) and AIBN (10 mg) 
in dry toluene (3 mL) was stined for 1 h at rt under a stream of dry Ar, then was heated for 
1.5 h at 90°C, cooled and concentrated. The residue was eluted from a column of silica gel 
with 2:1 cyclohexane-EtOAc and 0.2 % of Et 3 N to give 1 (100 mg, 74 %). ' H NMR (CDC1 3 ): 
8 6.95-8.00 (m, 45H, Ph), 5.82 (m, 1H, All), 5.46 (d, 1H, y 2 . NH = 8.0 Hz, NH D ), 5.29 (dd, 1H, 

= 1.0, = 3.0 Hz, H-2 C ), 5.1 1-5.25 (m, 2H, All), 5.00 (bs, 1 H, H-1 A ), 4.90 (d, 1H, J u = 
3.1 Hz.H-laX^^l, lH,y u = l.6Hz,H-l B ),4.83(bs, 1H,H-I c) ,4.70(dd, 1H, J v = J„ = 
10.0 Hz, H-3 D ), 4.44 (d. 1H, H-1 D ), 4.34 (dd, IH, H-2 B ), 4.20-4.80 (m, 16H, CH 2 Ph), 4.02 
(dd, IH, H- 2A ), 3.37 (dd, IH, H-2 E ), 2.90-4.10 (m, 21H, All, H-2* 3 A , 3 B , 3 C , 3 E , 4 A , 4 B , 4c, 
4o. 4 E , 5 a , 5 b , 5c, 5 d , 5 e , 6ao, 6b D , 6a E , 6b E ), 1.92 (s, 3H, OAc), 1.57 (s, 3H, AcNH), 1.27- 
0.90 (m, 15H, C(CH 3)2 , H-6 A , 6 B , 6 C ). »C 8 ,71.3, 170.3, 166.2 (OO), 138.7-1 17.9 (Ph, Al.), 
103.9 (C-1 D ), 101.5 (CM B ), 101.4 (C-1 A ), 99.9 (C(CH 3 ) 2 ), 98.5 (C-1 K ), 96.3 (C-, c ), 82.1, 
81.7, 81.6, 80.3, 80.1, 78.8, 78.1, 77.8. 76.0, 75.8, 75.3, 75.1, 74.7, 74.2, 73.6, 73.3, 72.7,' 
71.9, 71.4, 70.8, 69.0, 68.8, 68.7, 68.4, 68.1, 67.8, 62.1, 55.0 (C-2 D ), 30.0 (C(CH 3 ) 2 ), 23 .5 
(AcNH). 21.6 (OAc), 19.2 (C(CH 3 ) 2 ), 19.0, 18.3, 18.2 (3C, C*> A , 6 B , 6 o) . FAB-MS for 
C I03 H 117 NO 25 (M = 1769.0) m/z 1791.9 [M + Naf. Anal. Calcd for C^nNO* : C, 
69.93 ; H, 6.67 ; N, 0.79. Found C, 69.77; H, 6.84; N, 0.72. 

(Z-acetamido-a-O-acet^^ 
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3H23,4,6-tetra-0-beDzyI-a-D-glucopyranosyKl-»4)-l-2-(>-benzoyl-a-L- 
rhamnopyranosyl trichloroacetimidate (3). l,5-«Cyclooctadiene- 

bis(methyldiphenylphosphine)iridiuin hexafluoiophosphate (50 mg, 58 pmol) was dissolved 
tetrahydrofuran (10 mL), and the resulting red solution was degassed in an argon stream. 
Hydrogen was then bubbled through the solution, causing the colour to change to yellow. The 
solution was then degassed again in an argon stream. A solution of 1 (1.8 g, 1.02 mmol) in 
tetrahydrofuran (20 mL) was degassed and added. The mixture was stirred at rt overnight then 
concentrated to dryness. The residue was dissolved in acetone (9 mL), then water (2 mL), 
mercuric chloride (236 mg) and mercuric oxide (200 mg) were added successively. The 
mixture protected from light was stirred at rt for 2 h and acetone was evaporated. The 
resulting suspension was taken up in DCM, washed twice with 50% aq KI, water and Satd aq 
NaCI, dried and concentrated. The residue was eluted from a column of silica gel with 3:2 
CycIohexane-AcOEt and 0.2 % Et 3 N to give the corresponding hemiacetal 27. 
Trichloroacetonitrile (2.4 mL) and DBU (72 uL) were added to a solution of the residue in 
anhydrous dichloromethane (24 mL) at 0°C. After 1 h, the mixture was concentrated. The 
residue was eluted from a column of silica gel with 3:2 Cyclohexane-AcOEt and 0.2 % Et 3 N 
to give 3 as a colorless oil (1.58 g, 82 %); [ a ] D +2" (c 1, CHCI3). ! H NMR (CDCI3) : 8 8.62 (s, 
IH, C=NH), 6.95-8.00 (m, 45H, Ph), 6.24 (d, lH,y, 2 = 2.6 Hz, H-l c ), 5.48 (dd, IH, J 2 , 3 = 3.0 
Hz, H-2 C ), 5.41 (d, IH, J 2MH = 8.4 Hz, NH D ), 4.99 (bs, IH, H-U), 4.92 (d, IH, J h2 = 3.2 Hz, 
H-1b), 4.88 (d, IH, J xa = 1.6 Hz, H-1 B ), 4.69 (dd, IH, J 2 , 3 = J lA = l 0 .0 Hz, H-3 D ), 4.44 (d, IH, 
H-1 D ), 4.34 (dd, IH, H-2 B ), 4.20-4.80 (m, 16H, CH 2 Ph), 4.02 (dd, IH, H-2 A ), 3.38 (dd, IH, H- 
j 2 E ), 2.90-4.10 (m, 19H, H-2 D) 3 A , 3 8 , 3 Cj 3 E , 4 A) 4 B , 4 C , 4 D , 4 E , 5 A , 5 B , 5 C , 5 D , 5„ 6a D , 6bo, 
j 6an, 6bn), 1.95 (s, 3H, OAc), 1.55 (s, 3H, AcNH), 1.30-0.85 (m, 15H, C(CH3) 2 , H-6 A> 6 B , 6 C ). 
< ,3 C 8 172.4, 171.4, 166.9 (C=0), 140.2-128.9 (Ph), 104.2 (C-1 D ), 101.4 (2C, C-1 A> 1 B ), 101.1 
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<C(CH 3 ) 2 ), 98.0 (C-1 E ), 94.8 (C-l c ), 92.4 (CC1 3 ), 82.1, 81 .5, 80.2, 80.1, 78.6, 78.1, 77.8, 77.6, J 

76.0, 75.8, 75.5, 75.0, 74.3, 74.2. 73.5 (C-3 D ), 73.4, 71.9, 71.4, 71.0, 70.5, 69.2, 68.8, 68.3, I 

68.1, 62.1, 54.9 (C-2 D ), 29.3 (C(CH 3 ) 2 ), 23.4 (AcNH), 21.4 (OAc), 19.2 (C(CH 3 ) 2 ), 19.0, ; 

18.2, 18.1 (3C, C-6 A , 6 B , 6 c ). FAB-MS for C,02H„ 3 Cl 3 N2O 25 (M = 1873.3) m/z 1896.3 [M + ; 
Naf. Anal. Calcd. for C 102 H„ 3 Cl 3 N 2 O 2s : C, 65.40; H, 6.08; N, 1.50. Found C, 65.26; / 
H, 6.02; N, 1.31. / 
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Synthesis of spacer-armed hexa-, deca-, and pentasaccharide haptens representative of 
the O-specific polysaccharide of Shigella flexneri serotype 2a 1 



Abstract 



INTRODUCTION 

Shigellosis or bacillary dysentery is a serious infectious disease, responsible for some 
200 million episodes annually, mostly in children and immunocompromised individuals living 
in areas were sanitary conditions are insufficient 2 Of the four species of Shigellas Shigella 
flexneri is the major responsible of the endemic form of the disease, with serotype 2a being 
the most prevalent Due to increasing resistance of all groups ofShigellae to antibiotics. s the 
development of a vaccine against shigellosis is of high priority as stated by the World Health 
Organization in its program against enteric diseases. 4 However, there are yet no licensed 
vaccines for shigellosis. 

As for other Gram negative bacteria, Shigella** lipopolysaccharide (LPS) is a major 
surface antigen of the bacterium. The corresponding O-specific polysaccharide (O-SP), a 
polymer of less than 30 kDa, defines the serogroup and serotype of the bacteria. Besides, it is 
both an essential virulence factor and the target of the infected host's protective immune 
response. 5,6 However, O-SPs are T-cell independent antigens, 73 which are not immunogenic 
by themselves. Nevertheless, benefiting from the successful conversion of bacterial capsular 
polysaccharides from T-independent antigens to T-dependent ones through their covalent 
coupling to a protein carrier, it was shown that O-SPs could be turned into immunogens. 
Indeed, based on the former hypothesis that serum IgG anti-LPS antibodies may confer 
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specific protection against shigellosis, 9 several polysaccharide-proteine conjugates, targeting 
either Shigella sonnet, Shigella dysenteriae 1 or S. flexneri serotype 2a, were shown to be safe 
and immunogenic in humans. ,0 -" In the case of S. sonnet, recent field trials allowed J.B. 
Robbins and co-workers to demonstrate the efficacy of a vaccine made of the corresponding 
detoxified LPS covalently linked to recombinant exoprotein A. 12 Even though efficient, 
polysaccharide-protein conjugate vaccines remain highly complex structures, whose 
immunogenicity depends of several parameters amongst which, the length and nature of the 
saccharide component as well as its loading on the protein. It is reasonably admitted that 
control of these parameters, and indeed standardization, are somewhat difficult when dealing 
with polysaccharides purified from bacterial cell cultures, or fragments thereof resulting from 
their partial hydrolysis. Mixture are often obtained, which may become a real drawback in 
terms of analysis of the products, particularly when multivalent vaccines are needed, as in the 
case of shigellosis. It may be assumed that the use of well-defined synthetic oligosaccharides 
suitable for single-point attachment on to the carrier would allow a better control, and 
consequently the optimisation, of the above mentioned parameters. That low molecular 
weight oligosaccharides mimicking antigenic determinants were immunogenic when 
conjugated onto a protein carrier was demonstrated in the late 30s, l3 ' 14 and since then 
exploited on several occasions. ,s Indeed, available data on S. dysenteriae type 1 indicate that 
neoglycoconjugates incorporating di-, tri- or tetramers of the O-SP repeating unit were more 
immunogenic than a detoxified LPS-human serum albumin conjugate of reference. 16 In the 
case of heteropolysaccharides, oligosaccharides made of at least two contiguous repeating 
units were originally considered to be necessary for the corresponding oligosaccharide-protein 
conjugates to induce anti-polysaccharide antibodies. 17 However, more recent data 
demonstrated that neoglycoproteins incorporating oligosaccharides comprising one repeating 
umt or smaller fragments were immunogenic in mice. Along this line, we recently 
reported the synthesis of three fully synthetic glycopeptides as potential vaccines against 
Shigella flexneri 2a infection. » These incorporated short oligosaccharide haptens 
representative either of part or of the whole repeating unit of the O-SP of S. flexneri serotype 
2a. Preliminary data indicate that two out of the three conjugates are immunogenic in 
mice.(Phalipon et al, unpublished results) Besides, we found that the corresponding 
neoglycoproteins consisting of the oligosaccharides covalently linked to tetanus toxoid via 
single-point attachment were also immunogenic in mice.(Phali P on et al, unpublished results) 

Parallel studies on the recognition of synthetic fragments of the O-SP by protective 
homologous monoclonal antibodies suggested that sequences larger than one repeating unit 



2 



LMPP Mtheo-bwvet-synlongs 



CA 02434668 2003-07-07 



were more antigenic, thus probably better mimicking the natural polysaccharide than shorter 
ones. 21 Indeed, it is anticipated that better mimics of the O-SP, in terms of both antigenicity 
and conformation, would lead to conjugates of higher immunogenicity. For that reason, the 
preparation of oligo- or polysaccharides 22 made of two repeating units or more, in a form 
suitable for conjugation onto a carrier, was undertaken. 



RESULTS AND DISCUSSION 

A B E C D 

2)-a-I^Rhap-(l-+2)-a-L-Rh^ 

I 

The O-SP of S. flexneri 2a is a branched heteropolysaccharide defined by the pentasaccharide 
repeating unit I. It features a linear tetrasaccharide backbone, which is common to all S. 
flexneri O-SPs and comprises a W-acetyl glucosamine (D) and three rhamnose residues (A, B, 
C). The specificity of the serotype is associated to the a-D-glucopyranose residue linked to 
position 4 of rhamnose C. 

Evaluation of the antigenicity of a panel of di- to pentasaccharides representative of 
frame-shifted fragments of I, had pointed out that the ECD portion was the minimal sequence 
required for binding, and that the B(E)C ramification had a great impact on the recognition 
process. 2S Based on theses data, we described recently the synthesis of the ECD, B(E)CD 
and AB(E)CD fragments functionalized with an aminoethyl spacer at their reducing end, and 
demonstrated that the later could serve as a suitable anchoring point. 20 As stated above, 
subsequent work outlined the impact of chain elongation on the recognition process. Taking 
both sets of data into account, we report herein on the synthesis of the 2-aminoethyl 
glycosides of a deca- (1) and a pentadecasaccharide (2), corresponding to sequences 
[AB(E)CD] 2 and [AB(E)CD] 3 , respectively. The corresponding D'AB(E)CD hexasaccharide 
(3) was used as a model. 

Considering the target 1 and 2, a disconnection at the D-A linkage would appear most 
appropriate. However, others have shown that such a disconnection strategy was not suitable 
even when involving di- or trisaccharide building blocks, 26 27 and this route was avoided. 
More recently, disconnections at the A-B, B-C and C-D linkages were evaluated in this 
laboratory when synthesizing successfully the methyl glycoside of the frame-shifted 
decasaccharide D'A'B'<E')C'DAB(E)C by condensing a chain terminator pentasaccharide 
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donor and a methyl glycoside pentasaccharide acceptor. 2 » It was demonstrated on that 
occas.cn that disconnection at the C-D linkage was indeed appropriate for the construction of 
large fragments of the S. flexneri 2a O-SP. Based on our experience in the field, a blockwise 
strategy to targets 1 and 2, implicating a DAB(E)C potential acceptor acting as a donor an 
AB(E)C tetrasaccharide donor, and the recently disclosed acceptor XX 20 as a precursor to the 
spacer-armed D residue (Scheme 1). Although permanent blocking of OH-4 D and OH-6 D with 
an .sopropylidcnc acctal may appear somewhat unusual, this choice was a key feature of the 
strategy. It was based on former observations in the methyl glycoside series, demonstrating 
that .ts use could overcome some of the known drawbacks of the corresponding benzylidene 
acetal, mcluding its poor solubility. Compound XX was readily obtained from the known 
triacetate XX 3 ' (81%), by transesterification and subsequent treatment with 2,2- 
dimethoxypropane. 



Synthesis of the hexasaccharide 3 (Scheme 2): In a preliminary study towards the 
target 3, the DAB(E)C building block bearing the required acetamido function at position 2 D 
was used as the donor. It was obtained from the recently described precursor XX 28 Indeed 
reductrve free-radical dechlorination of XX using Bu 3 SnH in the presence of catalytic AIBN 
allowed the conversion of the AT-trichloroacetyl moiety into ^acetyl, to give XX { 6Z%). The 
latter was converted to the hemiacetal XX following a two-step process including Iridium 
complex promoted isomerisation of the allyl moiety into the P ropen-l-yl, - and hydrolysis of 
the latter upon treatment with aqueous iodine. » Subsequent q{ ^ ^ 

tnchtoroacetonitrile in the presence of catalytic l.S-diazabicycIoES.^undec-T-ene (DBU) 
cleanly gave the trichloroacetimidate donor XX (SS'/o from XX). Previous glycosidation 
attempts in the series indicated that when run at low temperature or room temperature 
reasons using the D acceptor XX occasionally resulted in a rather poor yield of the' 
condensation product. This was tentatively explained by the still rather poor solubility of the 
acceptor XX. When using 1,2-dichloroethane (DCE) as the solvent, the condensation could be 
performed at higher temperature, which proved rewarding. Indeed, optimized coupling 
Condons relied on the concomitant use of a catalytic amount of triflic acid in the presence of 
4A molecular sieves as the promoter and DCE as the solvent, while the condensation was 
performed at SOX. The fully protected hcxasaccharide XX was isolated in a satisfactory 78% 
yeld. That the hemiacetal XX, resulting from the hydrolysis of the excess donor could be 
recovered was of great advantage is one considers scaling up the process (not described) 
Ackuc hydrolysis of the isopropyHdene acetal smoothly converted XX into the corresponding 



4 



LMPPl 4theo-brcvet-synlongs 



CA 02434668 2003-07-07 



diol XX (94%). Resistance of isolated benzoyl groups to Zemplen transesterification has been 
reported. ^ It was also observed previously in the series, upon attempted removal of a 
benzoyl group located at position 2 C . 28 Again, the 2c-0-benzoyl group in XX was 
particularly resistant to Zemplen de-0-acylation, and in that case, successful 
transesterification required a week. In that case, heating was avoided in order to prevent any 
potential migration of the acyl group which would lead to the iV-deacylated product 
Conversion of the hexaol XX into the target 3 was successfully accomplished upon 
concomitant hydrogenolysis of the remaining benzyl protecting group and reduction of the 
azido moiety into the corresponding amine. As observed earlier, 20 " the latter was best 
performed under acidic conditions. The target 3 was isolated in 77% yield after reverse-phase 
chromatography. 



Synthesis of the decasaccharide 1 (Scheme 3): Having the fully protected 
hexasaccharide XX in hands, we reasoned that a convenient access to 1 could involve the 
condensation of an AB(E)C tetrasaccharide donor and a DAB(E)CD hexasaccharide acceptor 
prepared from XX. Preparation of the former was conveniently achieved from the previously 
described tetrasaccharide XX. 28 Removal of the anomeric ally] protecting group involved a 
two-step process as described above for the preparation of XX. The hemiacetal was readily 
converted into the trichloroacetimidate donor XX, which was isolated in an unoptimized yield 
of 56% over the two steps. Taking advantage of the stability of the 2 c -0-benzoyl group under 
Zemplen conditions, selective chemical modification at the D residue of XX was anticipated 
to give easy access to the selected acceptor XX. Indeed, transesterification of the acetyl 
groups in XX gave the expected triol XX, which was further regioselectively protected at the 
4 D and 6 D hydroxyl groups when treated with 2,2-dimethoxypropane. However, the key 
acceptor XX was isolated in 50% yield only. Condensation of the latter and XX was 
performed in DCE using triflic acid as the promoter. One may note that although the 
condensation involves the construction of the CD linkage, thus somewhat resembling the 
preparation of the hexasaccharide XX, heating was not required and the glycosylation went 
smoothly at low temperature to give the fully protected decasaccharide XX (82%). Acidic 
hydrolysis of the acetals gave the tetraol XX (75%). Transesterification of the acyl groups was 
best performed by overnight heating of XX in methanolic sodium methoxide. Final 
hydrogenolysis of the benzyl groups and concomitant conversion of the azido group into the 
corresponding amine gave the target 1 (71% from XX). 
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Synthesis of the pentadecasaceharide 2: If the synthesis of 2 was to mimic that of 1, 
the transformation of the non reducing 3,4,6-tri-O-acetyI D residue into the corresponding 
4,6-O-isopropylidene one was to be performed twice. Considering that besides being rather 
low, the yield of the transformation of XX into XX was also poorly reproducible, 
considerable loss of two costly intermediate, namely first the hexasaccharide XX, then the 
undecasaccharide XX, was to be expected. The use of a pre-functionalized DAB(E)C 
building block, that could act both as a donor and an acceptor based on appropriate orthogonal 
protection, was considered as an attractive alternative. Such an intermediate (XX) was 
recently prepared in the laboratory by condensation of an AB(E)C tetrasaccharide acceptor 
(XX) 38 to a fully functionalized D thioglycoside donor (XX), and subsequent free-radical 
conversion of the tf-trichloroacetyl into the corresponding acetamide (Scheme 4). 38 Since the 
condensation of XX and XX was somewhat low-yielding, another route to XX is disclosed 
herein. It takes advantage of the high-yielding condensation of the tetrasaccharide acceptor 
XX with the known trichloroacetimidate donor XX, 39 giving access to the fully protected XX 
(98%), 28 and subsequently to the corresponding acetamido derivative XX as described above. 
Controlled de-O-acetylation of XX under Zemplen conditions gave the triol XX, which was 
next converted to the corresponding alcohol XX upon reaction with 2,2-dimethoxypropane 
(81% from XX). Conventional acetylation at position 3 D then gave the key intermediate XX 
(94%). Transformation of the latter into the trichloroacetimidate donor XX (82%) was 
performed as described for the preparation of XX via the hemiacetal intermediate XX. 

The rather satisfactory yields obtained all along the synthesis of the building block XX 
allowed the targeting of larger sequences. Indeed, when the newly formed pentasaccharide 
donor XX and the spacer-armed D acceptor XX were heated in DCE in the presence of triflic 
acid and 4A molecular sieves as described for the preparation of XX, the condensation 
product was isolated in 78%. The resistance of the two isopropylidenc acetals to the harsh 
acdic conditions of the glycosidation reaction is noteworthy. Selective deacetylation at the 3- 
OH of the non reducing residue, then gave the D'AB(E)CD acceptor XX in a yield of 76% 
confirming indeed than this route to XX was more appropriate than that described above. This 
two-step glycosidation/deacetylation process was repeated. However, whereas the above 
mentioned glycosidations required heating, condensation of the hexasaccharide acceptor XX 
and the pentasaccharide donor XX in the presence of triflic acid was run at low temperature 
Under such conditions, the fully protected undecasaccharide XX was isolated in an excellent 
yi eld of 90%. Zemplen transesterification at the non reducing 3 D -OH of the latter proved as 
eftunent, and gave the required acceptor XX (91%). Condensation of this key intermediate 
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with the tetrasaccharide trichloroacetiraidate donor XX was again performed at low 
temperature, using triflic acid as the promoter. The fully protected pentadecasaccharide XX 
was isolated in a satisfactory yield of 82%. Conversion of XX to the target 2 was performed 
according to the stepwise sequence described for the preparation of 3. Acidic hydrolysis of the 
isopropylidene groups afforded the hexaol XX (83%). Again, running the transesterification 
step at high temperature allowed to overcome the resistance of benzoyl groups to Zemplen 
conditions. Conventional hydrogenolysis of the intermediate XX, finally gave the 
pentadecasaccharide hapten 3 (65% from XX). 



CONCLUSION 

The synthesis of the O-SP of S. flexneri Y by way of polycondensation of a tritylated 
cyanoethylidene tetrasaccharide was reported by others. 40 However, this is to our knowledge 
the first report on the total synthesis of fully defined oligomeric repeating unit glycosides 
mimicking the branched bacterial O-SPs in the S. flexneri series. The strategy disclosed herein 
gives access to extended fragments of the O-SP of S. flexneri serotype 2a in a spacer-aimed 
form suitable for immunological studies. Indeed, amounts required for the synthesis of fully 
synthetic oligosaccharide conjugates as potential vaccines targeting S. flexneri 2a infection 
were made available. The preparation of such conjugates is in progress in the laboratory. 
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Allyl (2-acetamido-3,4,6-tri-0-acetyI-2-deoxy-P-D-glucopyranosyl)-(l->2)-(3,4-di-0- 
benzyl-a-L-rhamnopyranosyl)-(l->2)-(3,4-di-0-benzyl-a-L-rhamnopyranosyl)-(l->3)- 

[2,3,4,6-tetra-0-benzyl-a-D-glucopyranosyl-(l->4)]-2-0-benzoyl-a-L-rhamnopyranoside 

(X). 

A mixture of X (3.14 g, 1.6 mmol), Bu 3 SnH (2.5 mL, 9.3 mmol) and AD3N (240 mg) in dry 
toluene (40 mL) was stirred for 30 min at rt under a stream of dry Ar, then was heated for 1 h 
at 100°C, cooled and concentrated. The residue was eluted from a column of silica gel with 
3:2 petroleum ether-EtOAc to give X as a white foam (2.0 g, 68 %); [a] D +3° (c 1, CHC1 3 ). 
'H NMR (CDC1 3 ):8 8.00-7.00 (m, 4SH, Ph), 5.82 (m, 1H, All), 5.58 (d, 1H, Jjjjh = 8.0 Hz, N- 
H D ), 5.35 (dd, 1H, J U - 1.0 Hz, = 2.3 Hz, H-2c), 5.19 (m, 2H, All), 5.10 (d, 1H, J )a = 1.0 
Hz, H-1 A ), 4.92 (dd, 1H, 7 W = 10.5 Hz, J 3A - 10.5 Hz, H-3 D ), 4.92 (d, 1H, J Ui - 3.3 Hz, H- 
1 E ), 4.90 (d, 1H, J,, 2 = 1 .7 Hz, H-l B ), 4.89 (d, 1H, H-l c ), 4.88 (dd, 1H, - 10.0 Hz, H-4 D ), 
4.62 (d, 1H, y,. 2 - 8.5 Hz, H-l n ), 4.90-4.35 (m, 16H, C// 2 Ph), 4.40 (m, 1H, H-2u), 4.10-4.00 
(m, 2H, All), 4.08 (dd, 1H, J 2 , 3 = 2.4 Hz, H-2 A ), 4.02 (dd, 1H, H-3 C ), 3.91 (m, 1H, H-2 D ), 
3.90-3.70 (m, 11H, H-4c, 5 r , 3 A , 5 A , 6a D , 6b D , 3 B , 4 E , 5 E , 6aE, 6b E ), 3.61 (dd, 1H, J3.4 = 9.5 
Hz, H-3 B ), 3.55 (m, 1H, H-5 B ), 3.41-3.40 (m, 3H, H-4 A , 5 D , 2 n ), 3.47 (m, 1H, As - 9.5 Hz, 
Js.f, = 6.1 Hz, H-5 B ), 3.35-3.33 (m, 3H, H-4 A , 5 D , 2 E ), 3.25 (dd, 1H, H-4 B ), 1.95, 1.70 (3s, 9H, 



1 



CA 02434668 2003-07-07 

LMPP 1 4-exp-brevet-synIongs 

CH 3 C=0), 1.65 (s, 3H, CH 3 C=ONH), 1.32 (d, 3H, J SA = 6.1 Hz, H-6 A ), 1.30 (d, 3H, J 5A = 6.0 
Hz,H-6o),0.97(d,3H,y 5 , 6 «6.0Hz,H-6 B ). ,3 C NMR (CDC1 3 ):8 171.1, 170.8, 170.2, 169.6, 
166.2 (5C, C=0), 138.2-118.5 (Ph, All), 103.1 (C-1 D ), 101.4 (C-1 B ), 101.2 (C-1 A ), 98.5 (C- 
la), 96.4 (C-lc), 82.2 (C-3 B ), 81.7 (C-2 E ), 81.7 (C-4 A ), 80.4 (C-^), 80.2 (C-3 C ). 79.0 (C-3 A ), 
78.6 (C-3 B ), 78.1 (C-2 A ), 77.8 (C-4 C ), 77.6 (C-4 E ), 76.0, 75.8, 75.4, 74.7, 74.3, 74.2, 73.3, 
70.5 (8C, CH 2 Ph), 74.9 (C-2 B ), 72.7 (C-2c), 72.6 (C-3 D ), 71.9 (2C, C-5 & 5 d ), 69.1 (C-5 8 ), 
68.9 (2C, All, C-5 A ), 68.3 (C-6 E ), 67.8 (C-5 C ), 62.3 (C-6 D ), 54.6 (C-2 D ), 23.5 (1C, 
NHCK>CH 3 ), 21.1, 21.0, 20.8 (3C, C=OCH 3 ), 19.0 (C-6 C ), 18.4 (C-6 A ), 18.2 (C-6 B ). FABMS 
of C 1M H, l7 N0 27 (M, 1913.1), nt/z 1936.2 [M+Na] + . Anal. Calcd. for C 104 H II7 NO 27 : C, 
68.90 ; H, 6.50 ; N, 0.77. Found C, 68.64 ; H, 6.66 ; N, 1 .05. 
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AcO 




CiojHiuCIjNjOi, 
Exact Mass: 1914.66 
Mat Wt.: 1917.35 
C 64.52: H 5,94; CI 5.55; N 1,46; O 22,53 

Oouvi: Ci6438%. H:6.I0%, N:l .45% 
AlphaD-+10».c-l,CHCU 



(2-acetanudo-3A6-tri^acetyI-2wleoxy-^^^ 
^«*MnnopyranosylH1^2M3,4^-04>eii^ 

tetra-0-ben2yl<trD-glucopyranosyl-(l^)]-2-0-benzoyl-a-L-rhamnopyranosyl 
trichloroacetimidate (X). 

l,5-Cyclooctadiene-bis(methyldiphenylphosphine)iridium hexafluorophosphate (25 mg, 29 p. 
mol) was dissolved tetrahydrofuran (5 mL), and the resulting red solution was degassed in an 
argon stream. Hydrogen was then bubbled through the solution, causing the colour to change 
to yellow. The solution was then degassed again in an argon stream. A solution of 7 (1,0 g, 
0.55 mmol) in tetrahydrofuran (10 mL) was degassed and added. The mixture was stirred at rt 
overnight, then concentrated to dryness. The residue was dissolved in acetone (5 mL), then 
water (1 mL), mercuric chloride (140 mg) and mercuric oxide (120 mg) were added 
successively. The mixture protected from light was stirred at rt for 2 h and acetone was 
evaporated. The resulting suspension was taken up in DCM, washed twice with 50% aq KI, 
water and satd aq NaCl, dried and concentrated. The residue was eluted fiom a column of 
silica gel with 2:1 petroleum ether-EtOAc to give the corresponding hemiacetal. 
Trichloroacetonitrile (2.5 mL) and DBU (37 uL) were added to a solution of the residue in 
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anhydrous dichloromethane (12.5 niL) at 0°C. After 1 h, the mixture was concentrated. The 
residue was eluted from a column of silica gel with 5:4 cyciohexane-EtOAc and 0.2 % Et 3 N to 
give X as a white foam (0.9 g, 85 %); [a] D +10° (c 1, CHClj). 

'H NMR (CDC1 3 ):8 8.70 (s, 1H, C=NH), 8.00-7.00 (m, 45H, Ph), 6.36 (d, 1H, 7 U = 2.6 Hz, 
H-lc), 5.59 (m, 2H, N-Hp, H-2 C ), 5.13 (d, 1H, J u = 1.0 Hz, H-1 A ), 5.01-4.98 (m, 2H, H-1 E , 
1b), 4.92 (dd, IH, H-3 D ), 4.90 (dd, 1H, H-4 D ), 4.68 (d, 1H, H-1 D ), 5.00-4.02 (m, 19H, 8 
Ctf 2 Ph, H-3 C , 2 A , 2 B ), 4.01 (dd, 1H, H-2 r .), 4.00-3.20 (m, 16H, H-3 E , 4 E , 5 E , 6a* 6b E , 4 C , 5 C , 
3 B , 4 B , 5b, 3 a , 4 A , 5a, 5d, 6a D , 6b D ), 2.02, 2.00, 1.75, 1.65 (4s, 12H, C=OCH 3 ), 1.40, 1.32 and 
1.00 (3d, 9H, H-6 A , 6 b , 6 c ). 13 C NMR (partial) (CDC1 3 ):5 170.2, 169.9, 169.3, 168.7, 164.9 
(6C, C=0, C=N), 103.2 (C-1 D ), 101.4 (2C, C1 A , 1 B ), 99.0 (C-1 E ), 94.8 (C-l c ), 21.1, 20.9, 
20.8 (3C, CH 3 C=0), 19.1, 18.2 (3C, C-6 A , 6 B , 6 C ). FABMS of C,o 3 H II3 Cl 3 N 2 0 27 (M, 1917.4), 
m/z 1930.9 [M+Na] + . Anal. Calcd. for C,o 3 H„ 3 Cl 3 N 2 0 2 7 : C, 64.52 ; H, 5.94 ; N, 1.46. Found 
C, 64.47 ;H, 5.99 ;N, 1.45. 
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2-Azidoethyl (2-acetamido-3,4,6-tri-0-a^ 

di-0-benzyl^-L-rhamnopyrano S yl>(1^2H3,4^i-^benzyI^-L-rhamnopyrano S yI> 
(l^-I^^d-tetra-O-beazyl^D-glucopyranosyHl^j^O-benzoyl^L- 

rbamnopyranosyl)K1^3).2.acetamido.2-d e oxy^,6.0.i S opropylidene.p.D- 
glucopyranoside (X). 

A mixture of alcohol X (1 10 mg, 330 pmol), imidate X (720 mg, 376 umol) and 4A molecular 
sieves in anhydrous DCE (6 mL) was stirred for 1 h under dry Ar. After cooling at 0°C, TfOH 
(16 pL, 180 umol) was added dropwise and the mixture was stirred at 80°C for 2.5 h. 
Triethylamine (60 pL) was added and the mixture was filtered and concentrated. The residue 
was eluted from a column of silica gel with 3:4 cyclohexane-BtOAc and EtjN (0.2 %) to give 
X as a colorless oil (540 mg, 78 %); [a] D +6.5° (c I, CHC1 3 ). 

'H NMR (CDC1 3 ):5 8.00-7.00 (m, 45H, Ph), 5.95 (d, 1H, y, NH = 7.1 Hz, NH D ), 5.51 (d, 1H, 
Am - 8-1 Hz, NH D .), 5.20 (dd, 1H, J u = 1.7 Hz, 7 2J = 3.0 Hz, H-2 C ), 5.08 (d, 1H, J u = 1.0 
Hz,H-l A ),5.05(d, lH,y u = 8.3Hz,H-l D ),4.93 (d, lH,y,. 2 =3.1 Hz, H-1 E ), 4.87 (d, 1H, J u 
= 1.0 Hz, H-1 B ), 4.82 (d, 1H, J U2 = 1.7 Hz, H-l c ), 4.80 (dd, 1H, J 3A = As ~ 10 .0 Hz, H-4.), 
4.76 (dd, 1H, J 2 , = 9.5 Hz, H-3 0 .), 4.75-4.30 (m, 16H, C// 2 Ph), 4.57 (d, 1H, J„ = 7.8 Hz, H- 
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Id), 4.35 (dd, 1H, H-2 B ), 4.30 (dd, IH, J 2li = 10.0 Hz, J 3A - 9.6 Hz, H-3 D ), 4.02 (dd, 1H, J 2 j 
= 2.0 Hz, H-2 A ), 4.00-3.60 (m, 16H, H-6ao, 6b D , 3 E , 4 E , 5 E , 6a E , 6b E , 3 C , 4 C , 5 C) 3 B , 3 A , 5 A , 2 D ., 
6a D -, 6b D .), 3.48 (m, 1H, As = 9.5 Hz, H-5 B ), 3.46 (dd, 1H, H-4d), 3.40 (m, 1H, H-5 D ), 3.36 
(dd, 1H, H-2 E ), 3.35, 3.19 (m, 4H, OCH 2 CH 2 N 3 ), 3.30 (dd, 1H, H-4 A ), 3.19 (dd, 1H, J 3A = 9.5 
Hz, H-4 B ), 3.17 (m, 1H, H-5 D ), 3.02 (m, 1H, H-2 D ), 1.90-1.60 (6s, 18H, CH 3 C=0), 1.33, 1.26 
(2s, 6H, C(CH 3 ) 2 ), 1.27 (d, 1H, J s , 6 = 6.2 Hz, H-6 A ), 1.18 (d, 3H, J Sfi - 6.1 Hz, H-6 C ), 0.90 (d, 
3H, Js fi = 6.1Hz, H-6 B ). l3 C NMR (CDC1 3 ):5 172.1, 171.1, 170.8, 170.1, 169.6, 166.2 (6C, 
C-O), 139.2-127.1 (Ph), 103.05 (C-1 D .), 101.6 (C-1 B ). 101.0 (C-1 A ), 100.0 (C-1 D ), 98.1 (C- 
1e), 97.8 (C-lc), 82.0 (C-2 E ), 81.7, 81.5, 80.2, 78.6, 78.4, 77.9, 77.9 (8C, C-3 E , 4 E , 3 C , 4c, 3 B , 
4b, 3 a , 4 a ), 77.8 (C-2 A ), 76.0, 74.6 (2C, C-3 U , 3».), 74.0 (C-2 B ), 73.4 (C-4 D ), 73.3 (C-2 C ), 
72.2, 71.9 (2C, C-5 D , 5 D .), 68.9, 68.8, 67.7 (3C, C-5 A , 5 B , 5 E ), 68.6 (C-4 0 .), 68.5 (C-6 R ), 67.5 
(C-5 C ), 62.6, 62.2 (2C, C-6 D , 6,,), 59.7 (C-2 D ), 54.6 (C-2 D .), 51.0 (CH2N 3 ), 29.5 (C(CH 3 ) 2 ), 
23.9, 23.5, 21.1, 20.9, 20.7 (C=OCH 3 ), 19.6 (C(CH 3 ) 2 ), 18.9 (C-6 C ), 18.4 (C-6 A ), 18.2 (C-6 B ). 
FABMS of Ci i4H, 33 N 5 0 32 (M, 2085.3), m/z 2107.9 [M+Na] + 
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C,„H U9 N 5 O w 
lixact Mass: 2043.86 
Mol. Wt: 2045*23 
C 65,19; H 6.36; N 3,42: 0 2S.03 



A1phaD~+9<\c-i,CHCI3 



2-Azidoethyl (2,3,4-trl-0-acety!-2-deoxy-2-acetamido-p-D-gIu^^^ 
di-0-benzyl-a-L-rhamnopyranosylH1^2)-(3,4-d^ 

(1 ->3)-l2^3 ,4,6-tetra-O-benzy l-a-D-glucopy ranosyI-(l ->4)I-(2-0-benzoyI-a-L- 
rhamnopyranosylHl-»3)-2-acetamido-2-deoxy-P-D-gIucopyranoside (X). 
To a solution of X (503 mg, 241 j^raol) in AcOH (6 mL) was added dropwise, water (1.5 mL) 
at rt. The mixture was stirred for 1 h at 60°C then concentrated by successive coevaporation 
with water and toluene. The residue was eluted from a column of silica gel with 1 :4 
Cyclohexane-EtOAc to give X as a white foam (463 mg, 94 %); [a] D +9° (c t, CHCI3), 
l H NMR (CDC1 3 ):5 8.00-7.00 (m, 45H, Ph), 5.70 (d, 1H, NH D ), 5.46 (d, 1H» J 1MH = 8.0 Hz, 
NHjy), 5.25 (dd, 1H, H-2 C ), 5.05 (d, 1H, J u = 8.4 Hz, H-1 D ), 5.00 (d, 1H, J xa « 1.0 Hz, H- 
1 A ), 4.86 (m, 3H, H-l c , 3 DS 4 D .), 4.84 (m, 2H, H-1 B . Is), 4.56 (d, 1H, H-la), 4.40 (dd, 1H, H- 
3 E ), 4.35 (dd, 1H, H-2 B ), 4.15 (dd, 1H, H-3 D ), 4.80-4.00 (m, 16H, C// 2 Ph), 4.03 (dd, 1H, H- 
2 A ), 4.00-3.00 (m, 26H, H-4 0 , 5 0 , 6a D> 6b D , 2 E , 4 C , 5 E , 6a c , 6b n , 3 C , 4 C> 5 C , 3 B , 4 B , 5 B> 3 A , 4 A , 
5a, 2 D s 5ds 6a DS 6b D >, OCH 2 CH 2 N 3 ), 2.99 (m, 1H, H-2 D ), 1.85-1.60 (5s, 15H, CH 3 C=0), 1.25 
and 0.85 (3d, 9H, H-6 As 6 B , 6 C ). ,3 C NMR (partial) (CDCI 3 ):8 171.6, 171.4, 170.8, 170.1, 
169.6 (C=0), 140.0-127.1 (Ph), 103.1 (C-l D 0, 101,2 (C-1 A X 99.6 (2C, C-1 H , 1 B ), 99.4 (C-1 D ), 
99.0 (C-l c ), 23.8, 23.5 (2C, NHC=OCH 3 X 21.1, 20.9, 20.8 (3 O^C-O), 19.1, 18.5, 18.2 (C- 
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6a, 6 b , 6 c ). FABMS of C,i,H,2 9 Ns032 (M, 2045.2), m/z 2067.9 [M+Na] + . Anal. Calcd for 
CniH 12 9N50 3 2 C: 65.19, H: 6.36, N: 3.42. Found C: 65.12, H: 6.51, N: 3.41. 



8 



LM PP 1 4-cxp-bre vet-synlongs 



CA 02434668 2003-07-07 




2-Aminoethy) (2-deoxy-2-acetamido-p-D-gIucopyranosyI)-(l-^2)-(a-L- 
rhamnopyranosyl)-(l-»2M a-L-rhamnopyrauosyI)-(l-*3)-[c^D-gIucop3a-anosyHl-->4)I- 
( a-L-rhamnopyranosyI)-(l-^3)-2-acetamido-2-deoxy-p-D-gIucopyranoside (X). 
A mixture of X (207 mg, 101 ^mol) in MeOH (5 mL) was treated by MeONa until pH=9. The 
mixture was stirred 1 week at rt. IR 120 (H*) was added until neutral pH and the solution was 
filtered and concentrated. The residue was eluted from acolumn of silica gel with 20:1 to 15:1 
DCM-MeOH to give an amorphous residue. A solution of this residue in EtOH (2.2 mL), 
EtOAc (220 nL), 1M HC1 (172 ^L, 2 eq) was hydrogenated in the presence of Pd/C (180 mg) 
for 72 h at rt. The mixture was filtered and concentrated , then was cluted from a column of C- 
18 with wated and freeze-dried to afford amorphous X (81 mg, 77 %); [a] D -10° (c I, H 2 0). 
'H NMR partial (D 2 0):5 5.12 (d, 1H, J U2 - 3.4 Hz, H-1 E ), 5.07 (d, 1H, J xa - 1.0 Hz, H-l Rha ), 
4.94 (d, 1H, y,. 2 = 1.0 Hz, H-lRha), 4.75 (d, 1H, J U2 - 1 .0 Hz, H-l Rha ), 4.63 (d, 1H, J U2 = 8.35 
Hz, H-l G icNa C )> 4.54 (d, 1H, J U2 = 8.3 Hz, H-l G icNac), 1-98 and 1.96 (2s, 6H, 2 CH 3 C=ONH), 
1.28-1.20 (m, 9H, H-6 A , 6 B , 6 C ). I3 C NMR partial (D 2 0):8 175.2, 174.8 (CO), 103.1 (C-1 D '), 
101.6, 101.4 (3C, C-1 A . 1b, lc) 100.8 (C-l D ), 97.9 (C-1 E ), 56.2, 55.4 (2C, C-2 D , 2 D <), 22.7, 
22.6 (2 NHCOCHj), 18.2, 17.2, 17.0 (3C, C-6 A , 6 B , 6 C ). HRMS: calculated for 
C 4 2H73N 3 028+Na: 1090.4278. Found 1090.4286. 
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Exact Mass: 1725.7809 
Mol. Wt.: 1726.9861 
C 70,24; H 6.71; N 0.81:0 22.23 



Allyl (2-acetamido^,6-0-,sopropyIidene-2^eoxy-P^^ 
benzyI-a-L-rhamnopyranosy,>(^^ 

PvM,6-tetra-0-benzyl-a-D^lucopy^^^ 
(X). 

The pentasaccharide X (2.65 g, 1.47 mmol) was dissolved in MeOH (20 mL). MeONa was 
added until pH=10. The mixture was stirred for 25 min then treated by IR 120 (H + ) until 
neutral pH. The solution was filtered and concentrated. The residue was eluted from a column 
of silica gel with 9 :1 DCM-MeOH to give the expected trio! which was then treated by 2,2- 
dimethoxypropane (11 mL, 0.1 mol) and APTS (20 mg, 0.17 mmol) in DMF (20 mL) 
overnight. Et 3 N was added and the solution evaporated. The residue was eluted from acolumn 
of silica gel with 1:1 Cyclohexane-AcOEt and 0.2 % of Et 3 N to give X as a white foam (2.05 
g, 81 % from X); [a] D +3° (c 1, CHC1 3 ). 

NMR (CDCI3) : 'H 8 6.98-8.00 (m, 45H, Ph), 6.17 (bs, 1H, NH D ), 5.82 (m, 1H, All), 5.30 (dd, 
1H, J U2 = 1.0, J 2J = 3.0 Hz, H-2 C ), 5.1 1-5.25 (m, 2H, All), 5.06 (bs, 1H, H-1 A ), 4.92 (d, 1H, 
Jia-3.1 Hz, H-1 E ), 4.88 (d, 1H, J u - 1.6 Hz, H-l u)> 4.84 (bs, 1H, H-l c ), 4.35 (d, 1H,H-1 D ), 
4.34 (dd, 1H, H-2 B ), 4.20-4.80 (m, 16H, CH 2 Ph), 4.05 (dd, 1H, H-2 A ), 3.36 (dd, 1H, H-2 E ), 
2.90-4.10 (m, 22H, All, H-2 D , 3, 3 B) 3 C , 3 D , 3 E , 4 A , 4 B , 4 C , 4., 4 E , 5 A , 5 D , 5 C , 5 D , 5 r , 6a D . 6b., 
6a E , 6b E ), 1.5 (s, 3H, AcNH), 1.2-0.9 (m, 15H, C(CH 3 ) 2 , H-6 A , 6 B , 6 C ). ,3 C 8 : 172.7 (OO), 
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164.9 (C=0), 137.7-116.7 (Ph, All), 102.3 (C-1 D ), 100.2 (C-1 B ), 100.0 (C-1 A ), 98.9 
(C(CH 3 ) 2 ), 97.2 (C-l n ), 95.1 (C-l c ), 82.1, 82.0, 81.8, 81.6, 80.6, 80.3, 79.0, 78.8, 78.3, 77.8, 
77.6, 75.7, 75.6, 75.0, 74.3, 72.8, 71.8, 71.6, 70.8, 70.3, 69.0, 68.5, 67.8, 67.4, 61.9, 60.8, 
60.5, 29.4 (C(CH 3 )2), 22.7 (AcNH), 19.0 (C(CH 3 ) 2 ), 18.9, 18.4, 18.2 <3C, C-6 A , 6 B , 6 C ). FAB- 
MS for C 10 .Hn5NO 2 4 (M - 1726.9) m/z 1749.7 [M + Naf. Anal. Calcd. for 
CioiH, 15NO24.H2O : C, 69.52 ; H, 6.76 ; N, 0.80. Found C, 69.59; H 6.71 ; N, 0.57. 
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^.OBn 

BnQ 

BnO J 
O 




•&1 



X 



- . — t, iwHi| 7 N0 2J 

Bft0 ^rfT Exacl Mass: 1767,7915 

Un ° O Mol. Wt.: 1769,0228 

— ^ / C 69,93; II 6,67; N 0.79; O 22,6! 



AUyI(2-acetanddo-3-0-acetyI-4,<>-0-fc^^ 
(3»4-d'-0-benzyI-a.L-rhanmopy™^ 

(1^3>f23A6-tetra-0-ben2yI-ot-D.glucopyranosyl-(l->4)-]-2-0-benzoyI-a-L- 
rhamnopyranoside (X). 

a) A mixture of X (2.05 g, 1.19 mmol) in Pyridine (60 mL) was cooled to 0°C. Ac 2 0 (20 mL) 
was added and the solution was stirred 2.5 h. The solution was concentrated and coevaporated 
with toluene. The residue was eluted from a column of silica gel with 2 :1 Cyclohexane-AcOEt 
and 0.2 % of Et 3 N to give X as a white foam (1.99 g, 94 %); [a] D +1° ( c 1, CHC1 3 ). 

b) A mixture of X (144 mg, 0.06 mmol), Bu 3 SnH (0.1 mL, 0.37 mmol) and AffiN (10 mg) in 
dry toluene (3 mL) was stirred for 1 h at rt under a stream of dry Ar, then was heated for 1 .5 h 
at 90°C, cooled and concentrated. The residue was eluted from a column of silica gel with 2:1 
cyclohexane-EtOAc and 0.2 % of Et 3 N to give X (100 rag, 74 %). 

NMR (CDC1 3 ) : »H 8 6.95-8.00 (m, 45H, Ph), 5.82 (m, 1H, All), 5.46 (d, 1H, J 2 . m = 8.0 Hz, 
NH D ), 5.29 (dd, 1H, = 1.0, J W = 3.0 Hz, H-2c), 5.11-5.25 (m, 2H, All), 5.00 (bs, 1H, H- 
1a), 4.90 (d, 1H, J li2 = 3.1 Hz, H-1 E ), 4.85 (d, 1H, / l>2 = 1.6 Hz, H-1 B ), 4.83 (bs, 1H, H-l c ), 
4.70 (dd, 1H, Ji , 3 = J 3A = 10.0 Hz, H-3 D ), 4.44 (d, 1H, H-1 D ), 4.34 (dd, 1H, H-2 B ), 4.20-4.80 
(m, 16H, CH 2 Ph), 4.02 (dd, 1H, H-2 A ), 3.37 (dd, 1H, H-2 E ), 2.90-4.10 (m, 21H, All, H-2 D , 3 A , 
3b, 3 c , 3 e , 4 a , 4 b , 4c, 4 d> 4 & 5 A , 5 B , 5 C , 5 D , 5 E , 6a D , 6b,,, 6aE, 6b E ), 1.92 (s, 3H, OAc), 1.57 (s, 
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3H, AcNH), 1.27-0.90 (m, 15H, C(CH 3 ) 2 , H-6 A , 6 B , 6 C ). ,3 C S 171.3, 170.3, 166.2 (C=0), 
138.7-1 17.9 (Ph, All), 103.9 (C-1 D ), 101.5 (C-1 B ), 101.4 (C-1 A ), 99.9 (C(CH 3 ) 2 ), 98.5 (C-1 E ), 
96.3 (C-l c ), 82.1, 81.7, 81.6, 80.3, 80.1, 78.8, 78.1, 77.8, 76.0, 75.8, 75.3, 75.1, 74.7, 74.2, 
73.6, 73.3, 72.7, 71.9, 71.4, 70.8, 69.0, 68.8, 68.7, 68.4, 68.1, 67.8, 62.1, 55.0 (C-2 D ), 30.0 
(C(CH 3 ) 2 ), 23.5 (AcNH), 21.6 (OAc), 19.2 (C(CH 3 ) 2 ), 19.0, 18.3, 18.2 (3C, C-6 A , 6 B , 6 C ). 
FAB-MS for C, 03 H 117 NO 2 s (M = 1769.0) m/z 1791.9 [M + Na] + . Anal. Calcd. for 
C| 03 H, nNOzs : C, 69.93 ; H, 6.67 ; N, 0.79. Found C, 69.77; H, 6.84; N, 0.72. 
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(2-acetaraido-3-0-acetyl-4,6^-lsopropyIidene-2-deoxy-^^^ 
dl-O-benzyl-ari^rhanmopyranosylMl^^ 

3)-[2,3,4,6-tetra-0-ben2yl-o-D-glucopyranosyl-(l->4)-]-2-0-benzoyl-a-L- 
rhamnopyranosyl trichloroacetimidate (X). 

l 5 5-Cyclooctadiene-bis(methyldiphenylphosphine)iridium hexafluorophosphate (50 mg, 58 p. 
mol) was dissolved tetrahydrofuran (10 mL), and the resulting red solution was degassed in an 
argon stream. Hydrogen was then bubbled through the solution, causing the colour to change 
to yellow. The solution was then degassed again in an argon stream. A solution of X (1.8 g, 
1 .02 mmol) in tetrahydrofuran (20 mL) was degassed and added. The mixture was stirred at rt 
overnight men concentrated to dryness. The residue was dissolved in acetone (9 mL), then 
water (2 mL), mercuric chloride (236 mg) and mercuric oxide (200 mg) were added 
successively. The mixture protected from light was stirred at rt for 2 h and acetone was 
evaporated. The resulting suspension was taken up in DCM, washed twice with 50% aq KL 
water and Satd aq NaCl, dried and concentrated. The residue was eluted from a column of 
silica gel with 3:2 Cyclohexane-AcOEt and 0.2 % EtjN to give the corresponding hemiacetal. 
Trichloroacetonitrile (2.4 mL) and DBU (72 pL) were added to a solution of the residue in 
anhydrous dichloromethane (24 mL) at 0°C. After 1 h, the mixture was concentrated. The 
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residue was eluted from a column of silica gel with 3:2 Cyclohexane-AcOEt and 0.2 % Et 3 N 
to give X as a colorless oil (1 .58 g, 82 %); [a] D +2° (c 1, CHC1 3 ). 

NMR (CDC1 3 ) : 'H 8 8.62 (s, IH, ONH), 6.95-8.00 (m, 45H, Ph), 6.24 (d, 1H, J la = 2.6 Hz, 
H-l c ), 5.48 (dd, 1H, J 2ti = 3.0 Hz, H-2 (: ), 5.41 (d, 1H, J 2m - 8.4 Hz, NH D ), 4.99 (bs, IH, H- 
1a), 4.92 (d, IH, J xa = 3.2 Hz, H-1 E ), 4.88 (d, IH, J ia = 1 .6 Hz, H-1 B ), 4.69 (dd, IH, y 2J = J 2A 
= 10.0 Hz, H-3 D ), 4.44 (d, IH, H-1 D ), 4.34 (dd, IH, H-2 B ), 4.20-4.80 (m, 16H, CH 2 Ph), 4.02 
(dd, IH, H-2 A ), 3.38 (dd, IH, H-2 E ), 2.90-4.10 (m, 19H, H-2 D , 3 A , 3 B , 3 C , 3 n , 4 A , 4 B , 4c, 4 n , 
4 B , 5 a , 5 b , 5 c , 5 d , 5 e , 6a D , 6b D , 6b R ), 1.95 (s, 3H, OAc), 1.55 (s, 3H, AcNH), 1.30-0.85 
(m, 15H, C(CH 3 ) 2 , H-6 A , 6 B , 6 C ). ,3 C 8 172.4, 171.4, 166.9 (C=0), 140.2-128.9 (Ph), 104.2 
(C-1 D ), 101.4 (2C, C-1 A , la). 101.1 (C(CH 3 ) 2 ), 98.0 (C-1 H ), 94.8 (C-l c ), 92.4 (CC1 3 ), 82.1, 
81.5, 80.2, 80.1, 78.6, 78.1, 77.8, 77.6, 76.0, 75.8, 75.5, 75.0, 74.3, 74.2, 73.5 (C-3 D ), 73.4, 
71.9, 71.4, 71.0, 70.5, 69.2, 68.8, 68.3, 68.1, 62.1, 54.9 (C-2 D ), 29.3 (C(CH 3 ) 2 ), 23.4 (AcNH), 
21.4 (OAc), 19.2 (C(CH 3 ) 2 ), 19.0, 18.2, 18.1 (3C, C-6 A , 6 B , 6 C ). FAB-MS for 
C, 02 H I13 Cl 3 N 2 O 25 (M = 1873.3) m/z 1896.3 [M + Na] + . Anal. Calcd. for C 102 H 113 Cl 3 N 2 O 25 : 
C, 65.40 ; H, 6.08 ; N, 1.50. Found C, 65.26; H, 6.02; N, 1.31. 
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HaC^O 



C H3 H 13jN5°30 
Exact Mass: 2039.9035 
Mol.Wt.: 2041,2808 
C 66.49; H 6.57; N 3,43; O 23,51 



2-Azidoethyl (2-acetamido-3-<?-acetyI-2-deox^ 
glucopyranosylMl^2M3,4^i^ben^ 

a-L-rhamnopyranosyI)-(1^3>[2A4,(i-tetra-0-beii^l-arD-glucoiiyra 

benzoyl-a-i^rhanmopyranosylJ-Cl^^-acetamid^-deoxy^e-O-isopropylldene-P-D- 
glucopyranoside (X). 

A mixture of donor X (745 mg, 0.4 mmol) and acceptor X (170 mg, 0.51 mmol), 4 A 
molecular sieves and dry 1,2-DCE (12 mL). was stirred for 1 h then cooled to 0°C. Triflic acid 
(25 uL) was added. The stirred mixture was allowed to reach rt in 10 min then stirred again 
for 2.5 h at 75°C. After cooling to rt, EtjN (100 jiL) was added and the mixture filtered. After 
evaporation, the residue was eluted from a column of silica gel with 1:2 Cyclohexane-AcOEt 
and 0.2 % Et 3 N to give X as a white foam (615 mg, 76 %); [a] D +0° (c 1, CHC1 3 ). 
NMR (CDCI3) : 'H 8 6.95-7.90 (m, 45H, Ph), 6.02 (d, 1H, y 2 , NH - 7.1 Hz, NH D ), 5.46 (d, 1H, 
^2.nh = 8.6 Hz, NH D ), 5.20 (dd, 1H, J u = 1.0, J 2(3 = 3.0 Hz, H-2 C ), 5.03 (d, 1H, J uz - 8.1 Hz, 
H-1 D ), 5.02 (bs, 1H, H-Ia), 4.92 (d, lH„/,, 2 = 3.1 Hz, H-le), 4.85 (d, 1H, J u = 1.6 Hz, H-l B ), 
4.82 (bs, 1H, H-lc), 4.70 (dd, 1H, H-3 D .), 4.44 (d, 1H, H-1 D .), 4.30 (dd, 1H, H-2 B ), 4.20-4.80 
(m, 16H, CH 2 Ph), 3.99 (dd, 1H, H-2 A ), 3.37 (dd, 1H, H-2 B ), 2.90-3.95 (m, 29H, H-2 D , 2„., 3a, 
3b, 3c, 3 D , 3 E( 4 a , 4 b , 4 c , 4 d , 4 d ., 4 e , 5 a , 5 d , 5 c , 5 d . 5 d «, 5 e , 6a D , 6b D , 6a D ., 6b D -, 6a E , 6b E , 
OCH 2 CH 2 N,), 2.00 (s, 3H, AcNH), 1.92 (s, 3H, OAc), 1.57 (s, 3H, AcNH), 1.27-0.90 (m, 
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21H, 2 C(CH 3 ) 2 , H-6 A , 6b, 6 c ). ,3 C 8 172.1, 171.5, 170J, 166.2 (C=0), 139.0-127.7 (Ph), 
103.9 (C-1 D .), 101.7 (C-1 B ), 101.2 (C-1 A ), 100.0 (C-1 D ), 99.9, 99.8 (2C, C(CH 3 ) 2 ), 98.3 (C- 
1e), 97.8 (C-l c ), 82.0, 81.7, 81.5, 80.8, 80.2, 80.1, 78.9, 78.6, 78.0, 77.9, 76.0, 75.9, 75.8, 
75.3, 74.8. 74.6, 74.2. 74.0, 73.6. 73.5, 73.4, 73.0, 71.9. 71.4, 70.8, 69.1. 69.0, 68.8, 68.6, 
68.0, 67.7, 67.6, 62.6, 62.1, 60.8. 59.7 (C-2 D ), 55.0 (C-2 D .), 51.1 (0(CH 2 ) 2 N 3 ), 29.5 
(C(Oi 3 ) 2 ), 29.3 (C(CH 3 ) 2 ), 23.9 (AcNH), 23.5 (AcNH), 21.3 (OAc), 19.7 (C(CH 3 ) 2 ), 19.2 
(C(CH 3 ) 2 ), 18.8, 18.4. 18.2 (3C, C-6 A , 6 B , 6 C ). FAB-MS for C II3 H l33 N 5 O 30 (M = 2041.3) m/z 
2064.2 [M + Naf. Anal. Calcd. for C U3 H, 33 N s O 30 : C, 66.49; H, 6.57; N, 3.43. Found 
C, 65.93; H, 6.57; N, 2.61. 
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9 KnctMass 1997.89 

BnO^ZJSfi/ Mo >- W «" I999J4 

Bno' T C 66.68; H 6.60; N 3J0; O 23M 

0 Z!\_O / AlphaD-4-l».o-I.CHCU 



2-AzidoethyI (2-acetamido-2-deoxy^0-i SO prop^ 
(M^i-CM>eiizyl<c-L-rhanmopyranosylM^^ 

(1^3)-|2,3A6-tetra-0-benzyl-a-o-gIucopyranosyl-(l-*4)l-(2-0-benzoyl-a-L- 

rhamnopyranosyI)-(1^.3)-2-acetamido-2-deoxy-4,6-0-isopropylidene-P-D- 
glucopyranoside (X). 

a) The hexasaccharide X (615 mg, 0.30 mmol) was dissolved in MeOH (8 mL). MeONa was 
added until pH=9. The mixture was stirred for 3 h then treated by JR 120 (H 1 ) until neutral 
P H. The solution was filtered and concentrated. The residue was eluted from a column of 
silica gel with 25:1 DCM-MeOH and 0.2 % of Et 3 N to give X as a white foam (590 mg, 97 
%); [a] 0 +l°(cl,CHCl 3 ). 

b) To a mixture of X (770 mg, 370 umol) in MeOH (5 mL) was added MeONa until pH=9. 
The solution was stirred for 40 min. Amberlite IR 120 (H*) was added until neutral pH and 
the mixture was filtered and concentrated. The residue was eluted from a column of silica gel 
with 20:1 DCM-MeOH and EtjN to give a residue which was dissolved in DMF (2 mL). The 
mixture was treated by 2-methoxypropene (200 nL, 2.1 mmol) and CSA (20 mg) at rt. After 1 
h, more 2-methoxypropene (200 uL) was added and the mixture was stirred 1 h. Et 3 N (160 



18 



CA 02434668 2003-07-07 

LM PP 1 4-exp-brcvet-synlongs 

*iL) was added and the solution was concentrated. The residue was eluted from a column of 
silica gel with 2:3 toluene-EtOAc and Et 3 N (0.2 %) to give X (400 mg, 54%). 
'HNMR(CDC1 3 ):6 8.00-7.00 (m,45H,Ph), 6.10 (d, 1H, NH D ), 6.05 (d, 1H, J 2Ml - 7.4 Hz, 
NH D ), 5.20 (dd, 1H, 7, a = 1.7 Hz, J 2i3 = 3.0 Hz, H-2 C ), 5.10 (d, 1H, = 1.0Hz, H-1 A ), 4.99 
(d, lH,y li2 = 8.3Hz,H-l D ),4.96(d, 1H, J,, 2 = 3.2 Hz, H-1 E ), 4.90 (d, lH,J h2 = 1.0 Hz, H-1 B ), 
4.86 (d, 1H, J U = 1.0 Hz, H-l c ), 4.52 (d, 1H, J ia = 7.5 Hz, H-1 D .), 4.37 (dd, 1H, H-2 B ), 4.22 
(dd, 1H, H-3 D ), 4.02 (dd, 1H, H-2 A ), 4.80-4.00 (m, 16H, C# 2 Ph), 4.00-2.95 (m, 30H, H-2o, 
4 D » 5 D , 6aD, 6b D , 2 E , 3 E , 4 E , 5 E , 6a & 6b & 3 C , 4 C , 5 C , 3 Bs 4 B , 5 B , 3 A> 4 A , 5 A , 2„, 3 D s 4 V , 5*. 6 aiy , 
6bD., OCH 2 CH 2 N 3 ), 2.00-0.92 (6s, 3d, 27H, 2 CH 3 C=0, 2 C(CH 3 ) 2 , H-6 A , 6 B , 6 C ). ,3 C NMR 
(CDC1 3 ) partial: 5 173.9, 172.1, 166.3 (CO), 140.0-125.0 (Ph), 103.6 (CI*), 101.7 (C-1 B ), 
101.2 (C-1a), 100.2 (C(CH 3 )2), 100.2 (C-1 D ), 99.9 (C(CH 3 ) 2 ), 98.2 (C-l n ), 97.8 (C-l c ), 29.4, 
29.3, 23.9, 22.8, 19.6, 19.2, 18.9, 18.4, 18.2 (C-6 A , 6 B , 6 C , 2 CH 3 C=0, 2 C(CH 3 ) 2 ). FAB-MS 
for CuiHimNjOm (M = 1999.2) m/z 2021.8 [M + Na] + . Anal. Calcd. for Cu.H I3I N50 29 : C, 
66.68 ; H, 6.60 ; N, 3.50. Found C, 66.63 ; H, 6.78 ; N, 3.32. 
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.OBn 




T OBz 



HN. 

\ 



BnC 



BnO 



BnC 



C 9I H M ajNOi 0 
Exact Mass: 1027,56 
Mol. Wt: 1630,09 
C 67,05; H 5,94; CI 6.52; N 0,86; O 19,63 

AlphaD=>+22° Ol. CHCI3 



(2-^acetyl-3,4-di-0-benzyl-a4,-rhanmopyraM^^ 

rhamnopyranosylH1^3)-I2A4,6-teti^<>ben^l^-D-glucop5TanosyI-(l-M)l-2-0- 
benzoyl-a-L-rhamnopyranosyl trichloroacetimidate (X). 

l,5-Cyclooctadiene-bis(methyldiphenylphosphine)iridium hexafluorophosphate (80 mg, 93 n 
mol) was dissolved tetrahydrofuran (10 mL), and the resulting red solution was degassed in an 
argon stream. Hydrogen was then bubbled through the solution, causing the colour to change 
to yellow. The solution was then degassed again in an argon stream. A solution of X (2.55 g, 
1.67 mmol) in tetrahydrofuran (20 mL) was degassed and added. The mixture was stirred at it 
overnight then concentrated to dryness. The residue was dissolved in acetone (15 mL), then 
water (3 mL), mercuric chloride (380 mg) and mercuric oxide (320 mg) were added 
successively. The mixture protected from light was stirred at rt for 2 h and acetone was 
evaporated. The resulting suspension was taken up in DCM, washed twice with 50% aq KL 
water and satd aq NaCl, dried and concentrated. The residue was eluted from a column of 
silica gel with 3:1 petroleum ether-EtOAc to give the corresponding heraiacetal. 
Trichloroacetonitrile (2.0 mL) and DBU (25 uL) were added to a solution of the residue in 
anhydrous dichloromethane (15 mL) at 0°C. After I h, the mixture was concentrated. The 
residue was eluted from a column of silica gel with 3:1 petroleum ether-EtOAc and 0.2 % 
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Et 3 N to give X as a white foam (1.5 g, 56 %); [a]» +22° (c 1, CHClj). 

l H NMR (CDC1 3 ):S 8.72 (s, 1H, C=NH), 8.00-7.00 (m, 45H, Ph), 6.39 (d, 1H, J u = 2.5 Hz, 
H-l c ), 5.60 (dd, 1H, y 2l3 = 3.0 Hz, H-2c), 5.58 (dd, 1H, J Xi = 1.7 Hz, J Z j - 3.0 Hz, H-2 A ), 
5.12 (d, 1H, J l2 = 3.2 Hz, H-1h), 5.08 (m, 2H, H-1 A , 1 B ), 5.00-4.00 (m, 16H, C^ 2 Ph), 4.20 
(dd, IH, H-3 C ), 4.05 (dd, 1H. H-3 E ), 4.00-3.35 (m, 14H, H-2 E , 4 E , 5 E , 6a E , 6b E , 4 C , 5 C , 2 B , 3 B , 
4b, 5 u , 3 a , 4 A , 5 a ), 2.05 (s, 3H, C=OCH 3 ), 1.42, 1.36 and 1.00 (3d, 9H. H-6 A , 6 B , 6 C ). ,3 C 
NMR (CDC1 3 ):8 170.3, 165.8 (C=0), 138-127 (Ph), 99.9 (2C, C-1 A , 1 B ), 98.5 (C-1 E ), 94.7 (C- 
lc). 82.1, 81.2, 80.4, 80.0, 79.1, 78.1, 78.0, 75.2, 71.7, 71.2, 70.7, 69.5, 69.4, 68.7 (16C, C-2 A , 
3a, 4 a , 5 a , 2 b , 3 u , 4u, 5 b , 2 r , 3 C , 4 C , 5 C , 2 E , 3 E , 4 E , 5 E ), 76.0, 75.7, 75.5, 75.1, 74.3, 73.3, 72.2, 
71.2 (8C, PhCH 2 ), 68.5 (C-6 E ), 21.4 (C=OCH 3 ), 19.2, 18.5, 18.1 (C-6 A , 6 B , 6 t ). Anal. Calcd. 
for C 9 ,H 96 Cl 3 N0 2 o : C, 67.05 ; H, 5.94 ; N, 0.86. Found C, 66.44 ; H, 6.21 ; N, 0.93. 
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2-Azidoethyl (2-0-acelyl-3 s 4-di-0-benzyI-arL-rhanuiopyranosyl)-(1 -»2)-(3,4-di-0- 

benzyI-a-L-rhamnopyranosyIH1^3M2,3A^ 

(l-»4)H2-0-benzoytarL-rhanmopyrano^ 

isopropylidene-P-D-glucopyranosyl)-(1^2)-(M-di-0-beiiayl-a-I^rhanm 

(1^2)-(3,4-di-^beiizyl-a-I^rhamnopyranosylH1^3)-{2^A6-tetra-0-beiizyI-a-D- 

glucopyranosy^(l^)J^2^benzoy^(^L-^hamnopy^anosyl)-(l-»3)-2-acetamido-2- 
deoxy-4,6-O-isopropylidene-0-D-glueopyranoside(X). 

A mixture of alcohol X (110 mg, 55 umol), imidate X (1 79 mg, 1 10 umol) and 4A molecular 
sieves in anhydrous DCE (2.5 mL) was stirred for 1 h under dry Ar. After cooling at -35°C, 
TfOH (5 pX, 50 umol) was added dropwise and the mixture was stirred for 2.5 h and allowed 
to reach 10°C. Et 3 N (25 uL) was added and the mixture was filtered and concentrated. The 
residue was eluted from a column of silica gel with 4:1 to 3:1 toluene-EtOAc and Et 3 N (0.2 
%) to give X as a white foam (158 mg, 82 %); [a] D +18° (c 1, CHC1 3 ). 
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'H NMR (CDC1 3 ):8 8.00-6.90 (90H, m, Ph), 5.90 (d, 1H, J 2m = 7.0 Hz, N-H D ), 5.58 (d, 1H, 
J^n = 7.5 Hz, N-HdO, 5.45, 5.22 (m, 2H, J XA - 1.0 Hz, J 2J = 2.0 Hz, H-2c, 2 C ), 5.12 (dd, 1H, 
H-2 A .), 5.1 1 (d, 1H, y,, 2 - 8.3 Hz, H-1 D ), 5.05 (d, 1H, J U2 - 1.0 Hz, H-1 A ), 5.01 (d, 1H, J la = 
3.2 Hz, H-l E ), 4.96 (d, 1H, 7 ll2 = 1.0 Hz, H-l c ), 4.94 (m, 2H, H-1 E , 1 B ), 4.86 (d, 1H, H-1 B ), 
4.82 (d, 1H, H-lc), 4.72 (d, 1H, H-1 D .), 4.70 (d, 1H, H-1 A .), 4.90-4.20 (m, 36H, 16 OC// 2 Ph, 
H-2 B , 2 BS 3 D> 3 D .), 4.00-2.90 (m, 45H, H-2 D , 4 D , 5 D , 6a D , 6b D , 3 C , 4c, 5 C , 2 E , 3 n , 4 E , 5 C , 6a K , 
6b r , 3 B , 4b, 5 b , 2 a , 3 A , 4 A , 5 A , 2 D> 4 DS 5 DS 6a D ., 6b D -, 3c. 4 C , 5 C , 2 e , 3 ES 4 E ., 5 E -, 6a E ., 6b E ., 3 B ., 
4 B s 5 B ., 3 A ., 4 A ., 5 AS OCH 2 CH 2 N 3 ), 2.00 (s, 3H, AcNH), 1.88 (s, 3H, OAc), 1.86 (s, 3H, 
AcNH), 1.40-0.82 (m, 30H, 6 H-6 Rha , 2 QCH,),). "C NMR (partial) (CDC1 3 ):8 172.1, 171.4, 
170.2, 166.2, 165.9 (C=0), 102.7 (C-lrv), 101.6, 101.2 (2C, C-1 B . 1 B .), 101.1 (C-1 A ), 99.8 (C- 
1d), 99.7 (C-l c ), 98.2 (2C, C-1 E , 1 A .), 97.2 (2C, C-1 C) 1 E ), 63.3, 62.6 (2C, C-6 E , 6 P ), 60.0, 
57.8 (2C, C-2 D , 2 D 0, 51.0 (OCH 2 CH 2 N 3 ), 29.5, 29.4 (2C, C(CH 3 ) 2 ), 24.0 (2C, 2 AcNH), 21.3 
(AcO), 19.6, 19.5 (2C, C(CH 3 ) 2 ), 19.1, 18.9, 18.8, 18.5, 18.2, 18.1 (6C, C-6 A , 6 B , 6 C , 6 A ., 6 B ., 
6cO- FABMS of C 20 oH 22 5N 5 04 8 (M, 3446.9), m/z 3489.5 ([M+Na]*). Anal. Calcd for 
C 2 ooH 225 N s 0 4 8 +5H 2 0, C: 67.47, H: 6.65, N: 1 .96. Found C: 67.40, H: 6.57, N: 1.72. 
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2-Azidoethyl (2-0-acetyl-3,4-di-€7-benzyl-a-L-rhamnopyranosyl)-(l->2)-(3,4-di-0- 

benzyl-a-L-rhamnopyranosyl)-(l-»3)-[23 ) 4,6-tetra-0-benzyl-a-D-gIucopyranosyl- 

(l->4)l-(2-0-benzoyl-a-L-rhamnopyranosyl)-(l-^3)-(2-acetamido-2-deoxy-p-D- 

gIucopyranosylH1^2)-(3,4-di-<?-beii2yl-a-L-rhanMiopyranosyl)-(1->2)-(3,4-di-0- 

benzyl-a-L-rhaninopyranosylHl^-p^^^tetra-O-benzyl-a-D-glucopyranosyl- 

(l->4)|-(2-0-benzoyl-a-L-rhamnopyranosyl)-(l->3>2-acetainido-2-deoxy-p-D- 
glucopyranoside (X). 

To a solution of X (630 mg, 181 Mmol) in DCM (12 mL) was added dropwise, at 0°C, a 
solution of TFA (2 mL) and water (2 mL). The mixture was stirred for 3 h then concentrated 
by coevaporation with successively water and toluene. The residue was eluted ftom a column 
of silica gel with 1 : 1 toluene-EtOAc to give X as a white foam (460 mg, 75 %); [oc] D +9° (c 1 , 
CHC1 3 ). FABMS of CiwHanNsOu (M, 3386.8), tn/z 3409.2 ([M+Na]*). Anal. Calcd for 
Ci 9 4H 2 i7Ns048 +H 2 0, C: 68.43, H: 6.45, N: 2.06. Found C: 68.40, H: 7.02, N: 1.61 . 
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2-Aminoethyl (arL-rhamnopyranosyl)-(1^2)-(a-^ 

gIucopyranosyH1^4)Ha-L-rhamnopyra^ 

glucopyi^osyl)-(l-*2Ho-I^rhamnopy 

[c^D-glucopy ranosy -+4)Ma-L-^^ 
glucopyranoside (X). 

A mixture of X (130 mg, 38 |imol) in MeOH (4 raL) was treated by MeONa until pH=9. The 
mixture was stirred 1 h at rt, then heated at 55°C and stirred overnight. After cooling at rt, IR 
120 (H*) was added until neutral pH and the solution was filtered and concentrated. The 
residue was eluted from a column of silica gel with 25:1 to 20:1 DCM-MeOH to give an 
amorphous residue. A solution of this residue in EtOH (1.5 mL), EtOAc (150 jxL), 1M HC1 
(66 ^iL, 2 eq) was hydrogenated in the presence of Pd/C (100 mg) for 72 h at rt. The mixture 
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was filtered and concentrated , then was eluted from a column ofC-18 with wated and freeze- 
dried to afford amorphous X as a white foam (41 mg, 71 %); [a] D -7° (c 1, H 2 0). 'H NMR 
partial (D 2 0):6 4.90 (m, 2H, J h2 = 3.5 Hz, 2 H-1 E ), 4.82 (bs, 1H, H-l Rha ), 4.76 (bs, 1H, H- 
l Rh .), 4.72 (bs, 1H, H-IrU 4.67 (bs, 1H, H-l,^), 4.52 (bs, 1H, H-l^), 4.51 (bs, 1H, H- 
Uha), 4.41 (d, 1H, J xi = 8.6 Hz, H-1 0teNac ), 4.29 (d, 1H, J U2 = 8.6 Hz, H-l 0IcNac ), 1.77 (s, 6H, 
2 CH3OONH), 1.15-0.96 (m, 18H, H^). ,3 C NMR partial (D 2 0):8 174.8, 174.7 (OO), 
102.9 (C-l Rlia ), 102.6 (C-l GlcNac ), 101.8 (2C, 2 C-l^), 101.6 (C-lRha), 101.4 (C-l^), 101.3 
(C-lRhn), 100.8 (C-l OIcNac ), 97.9 (2C, 2 C-l G i c ), 56.0, 56.4 (2 C, 2 C clcNac ), 22.7, 22.6 (2 
NHC=OCH 3 ), 18.2, 17.2, 17.0, 16.9 (6C, 6 C-6^). HRMS: calculated for C^.^N^+Na: 
1690.6544. Found 1690.6537. 
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2-AzidoethyI (Z-acetamido-a-O-acefyl^-deoxy-I^O-isopropylidene-p-iv 
gl»copyranosyIM1^2)-(3 s 4^i-<^ben^^ 

o^L-rhamnopyranosyl)-(l-*3)-[2,3,4,6-tetra.O-benzyl-oc-D^lucopyranosyI-(l-»4)]-(2-0- 

benzoyl^-i^rhamnopyranosyl)-(1^3)K2-acetamido.2-deoxy-4,6-0-isopropylidene-P-D- 
g>ucopyranosyIM1^2M3,4-di-M>en^l^^ 

<*-^rhanroopyranosylM1^3M2,3,4,6-te^ 

benzoyl-a-whanmopyranosyl>(1^3)-2-acetanrido-2-deoxy-4,6-0.|sopropyliden^ 
glucopyranoside (X). 

A mixture of donor X (835 mg, 0.44 mmol) and acceptor X (590 mg, 0.3 mmol), 4 A 
molecular sieves and dry 1,2-DCE (12 mL), was stirred Tor 1 h then cooled to -30°C. Triflic 
acid (35 uL) was added. The stirred mixture was allowed to reach 5°C in 2.5 h. Et 3 N (150 uL) 
was added and the mixture filtered. After evaporation, the residue was eluted from a column 
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of silica gel with 1:2 Cyclohexane-AcOEt and 0.2 % Et 3 N to give X as a white foam (990 mg, 
90 %); [<x] D +10° (c 1, CHClj). 

l H NMR (CDCb): partial 5 6.95-7.90 (m, 90H, Ph), 5.98 (d, 1H, / 2<NH = 6.9 Hz, NH D ), 5.60 
(d, 1H, J 2 , m ~ 7.5 Hz, NH D ), 5.45 (d, 1H, Jz, m = 8.5 Hz, NH D ), 5.22 (dd, 1H, J la = 1 .0, J 2 , 3 - 
3.0 Hz, H-2 C ), 5.13 (dd, 1H, y w = 1 .0, ^ = 3.0 Hz, H-2 C ), 5.08 (d, 1H, J iJt = 8.3 Hz, H-1 D ), 
5.07 (bs, 1H, H-U), 5.04 (bs, 1H, H-1 A ), 4.97 (d, 1H, J U2 = 3.0 Hz, H-1 E ), 4.94 (d, 1H, J„ = 
3.0 Hz, H-l E ), 4.90 (bs, 1H, H-1 B ), 4.86 (bs, 1H, H-1 B ), 4.82 (bs, 1H, H-l c ), 4.73 (d, 1H, H- 
Id), 4.70 (bs, 1H, H-lc), 4.43 (d, 1H, H-1 D ), 4.20-4.80 (m, 16H, CH 2 Ph), 2.00, 1.85, 1.58 (3s, 
9H, AcNH), 1.95 (s, 3H, OAc), 1.37-0.85 (m, 36H, 3 C(CH 3 ) 2 , 2H-6 A , 2H-6 B , 2H-6 C ). "c 
NMR (CDC1 3 ) partial: 8 171.7, 170.8, 169.8, 165.8, 165.4 (C=0), 139.0-127.7 (Ph), 103.9 (C- 
1d), 102.8 (C-1 D ), 101.5 (2C, C-1 B ), 101.3 (C-1 A ), 101.1 (C-1 A ), 100.0 (C-1 D ), 99.5, 99.3 (3 
C(CH 3 ) 2 ), 98.3 (C-1,0, 98.1 (2C, C-l c , l u ), 97.8 (C-l c ), 82.0, 81.7, 81.6, 81.4, 80.3, 80.2, 
80.1, 79.5, 79.2, 78.9, 78.7, 78.4, 78.1, 77.9, 77.8, 77.6, 76.0, 75.8, 75.3, 75.2, 74.7, 74.4, 
74.1, 74.0, 73.6, 73.5, 73.4, 73.3, 73.0, 72.7, 71.9, 71.4, 70.9, 70.8, 69.1, 69.0, 68.9, 68.7, 
68.6, 68.5, 68.1, 67.8, 67.7, 67.5, 62.6, 62.3, 62.1, 60.8, 59.9 (C-2 D ), 57.9 (C-2 D ), 55.0 (C-2 D ), 
51.1 (0(CH 2 ) 2 N 3 ), 29.5, 29.4, 29.3 (3 C(CH 3 ) 2 ), 24.0, 23.9, 23.5 (3 AcNH), 21.3 (OAc), 19.7, 
19.6, 19.2 (3 C(CH 3 ) 2 ), 18.9, 18.8, 18.6, 18.5, 18.2, 18.1 (6C, 2 C-6 A , 6 B , 6 C ). FAB-MS for 
C 2 uH 242 N 6 0 53 (M = 3710.2) m/z 3733.3 [M + Na]\ Anal. Calcd. for C 21 ,H 242 N 6 0 53 : C, 
68.31 ; H, 6.57 ; N, 2.27. Found C, 68.17; H, 6.74; N, 2.12. 
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2-Azidoethyl (^acetamido-2-deoxy-4,6-CMsopropyI^ 
(3,4-di-0^benzyl-o>i^rhamnopyranosylMl^^^ 

(1^3)-[2^A6-tetra-O-benayl-a-D-glucopyranosyl-(t^)H2-C>-benzoyl-0t-L- 

rhamnopyranosyl)-(l-*3)-(2-acetaiiiido-2-deoxy.4,6-0-isopropyIideBe-p-D- 

^copyranosyOK1^2H3,4^i-0-ben^x-L-rhai^^ 

OrL-rtamnopyrMosylH1^3M2,3A6-tetra-^ 

benzoyl<c-i^rhamnopyranosy0-(1^3)-2-acetamido-2-deoxy-4,6-O-lsopropylideiie-P-D- 
glucopyranoside (X). 

The undecasaccharide X (990 mg, 0.27 mmol) was dissolved in MeOH (30 mL). MeONa was 
added until pH=9. The mixture was stirred for 3 h then treated by IR 120 (ft) until neutral 
pH. The solution was filtered and concentrated. The residue was eluted from a column of 
silica gel with 1:1 toluene-AcOEt and 0.2 % of Et 3 N to give X as a white foam (900 mg, 91 
%); [o0d+1S°(c1,CHC1 3 ). 
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'H NMR (CDC1 3 ): partial 5 6.95-8.00 (m, 90H, Ph), 6.19 (bs, 1H, NH D ), 5.96 (d, 1H, J^ H = 
6.8 Hz, NH D ), 5.57 (d, 1H, J 2 , m = 6.8 Hz, NH D ), 5.22 (dd, 1H, H-2 C ), 5.13 (dd, 1H, H-2 C ), 
5.10 (d, 1H, H-1 D ), 5.07 (bs, 1H, H-1 A ), 5.04 (bs, 1H, H-t A ), 4.96 (d, 1H, H-1 E ), 4.94 (d, 1H, 
H-Ie), 4.85 (bs, 1H, H-1 B ), 4.84 (bs, 1H, H-1 B ), 4.82 (bs, 1H, H-l c ), 4.70 (d, 1H, H-l c ), 4.67 
(bs, 1H, H-1 D ), 4.44 (d, 1H, H.1 D ), 4.20-4.80 (ra, 16H, CH 2 Ph), 2.00, 1.85, 1.58 (3s, 9H, 
AcNH), 1.37-0.80 (m, 36H, 3 C(CH 3 )a, 2H-6 A , 2H-6 B , 2H-6 C ). "C NMR (CDC1 3 ) partial: 8 
172.8, 170.9, 170.3, 165.1, 164.7 (C=0), 139.0-127.7 (Ph), 103.5 (C-1 D ), 103.1 (C-1 D ), 101.5 
<2C, C-1 B ), 101.2 (C-1a), 101.1 (C-Ia), 99.9 (C-1 D ), 99.0, 98.8, 98.7 (3 C(CH 3 ) 2 ), 98.3 (C- 
Ie), 98.1 (2C, C-lc, 1e). 97.8 (C-l c ), 82.1, 82.0, 81.9, 81.7, 81.6, 81.5, 80.6, 80.3, 80.2, 80.1, 
79.7, 79.1, 78.9, 78.5, 77.9, 77.6, 75.7, 74.9, 74.6, 74.3, 73.3, 73.0, 72.7, 71.9, 71.8, 69.1, 
68.9, 68.7, 68.5, 68.0, 67.8, 67.7, 67.6, 67.5, 62.6, 62.3, 61.9, 60.5, 59.9 (C-2 D ), 57.4 (C-2 D ), 
55.0 (C-2 D ), 51.0 (0(CH 2 ) 2 N 3 ), 29.51, 29.47, 29.3 (3 C(CH 3 ) 2 ), 24.0, 23.9, 22.7 (3 AcNH), 
19.7, 19.6, 19.3 (3 C(CH 3 ) 2 ), 19.0, 18.9, 18.6, 18.5, 18.2, 18.1 (6C, 2 C-6 A , 6 B , 6c). FAB-MS 
for C 2 o 9 H 24 oN 6 0 52 (M = 3668.1) m/z 3690.8 [M + Naf. Anal. Calcd. for C^H^Ojj : C. 
68.43 ; H, 6.59 ; N, 2.29. Found C, 68.28; H, 6.72; N, 2.1 1. 
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2-AzidoethyI (^O-acetyl-S^-di-^benzyl^L-rhaiiinopyranosylHl^HS^di-a. 
benzsi-a-i^rhamnopyi^osyO^l^-Il^Afi-tetra-O^en^I^D-glucopyranosyl-Cl^ 

4)]-(2-0-benzoy|.a-^rhamnopyranosyl^(1^3).(2-acetanii(lo-2-deoxy^6.0- 
isopropylidene-P-D^lu^ 

2)-(3,4-dtO-ben Z yl< t ^rham n opyranosy!)-(l->3H2,3,4,6.tetra.a.benzyI.o-D. 
S lu <Wano S yKl^) H 2-<>-benzo^^ 

^o^-^tf-kopropylideoe-M-glu^^ 
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acctamido-Z-deoxy^fi-O-isopropylidene-p-D-glucopyranosideW. 

A mixture of donor X (377 mg, 0.230 mmol) and acceptor X (427 mg, 0.1 15 xnmol), 4 A 
molecular sieves and dry 1,2-DCE (10 roL), was stirred for 1 h then cooled to -30°C. Triflic 
acid (20 uL) was added. The stirred mixture was allowed to reach 5°C in 2.5 h. Et 3 N (150 ^L) 
was added and the mixture filtered. After evaporation, the residue was eluted from a column 
of silica gel with 3:1 toluene-AcOEt and 0.2 % Et3 N to give X as a foam (490 mg, 82 %); [a 
Jd+20°(c3,CHC1 3 ). 

'HNMR(CDC1 3): partial 6 6.90-8.00(m, 135H, Ph), 5.95 (d, lH,y, NH = 6.6Hz,NH D ), 5.60 
(d, 1H, y 2 . NH = 8.0 Hz, NHd), 5.59 (d, 1H, y 2>NH = 7 .5 Hz, NHd), 5.44 (dd, 1H, H-2c), 5.22 
(dd, 1H, H-2 C ), 5.10 (dd, 1H, H-2c), 2.20 (s, 3H, OAc), 2.00, 1.85, 1.84 (3s, 9H, AcNH), 
1.40-0.80 (m, 45H, 3 C(CH 3 ) 2 , 3H-6 A , 3H-6 B , 3H-6 C ). " C NMR (CDC, 3 ) partial: 8 173.2, 
172.6, 172.5, 171.3, 167.4, 167.0, 166.9 (C-O), 140.2-126.8 (Ph), 102.8, 102.7, 101.5, 101.3, 
101.1, 99.9, 99.8, 98.1, 97.8. 82.0, 81.7, 81.5, 81.4, 80.2, 80.1. 79.6, 79.4, 78.9, 78.6, 78.0. 
77.9, 77.6, 75.5, 73.4, 73.3, 73.0, 72.8, 71.9, 71.6, 69.4. 69.1. 69.0, 68.6. 67.8. 67.7, 67.6, 
67.5, 62.6. 62.3, 60.0. 57.9, 57.7, 51.0 (OCH 2 CH 2 N 3 ), 30.5 (3C, C(CH 3)2 ). 25.0, 22.4 (3C, 
AcNH), 22.9 (OAc), 20.7, 20.6, 20.2 (3C, C(CH 3 ) 2 ), 20.0, ,9.9, 19.8, ,9.7, 19.6, 19.3, ,9.2, 
19.1 (9C, 3 C-6 A , 6 B , 6 C ). FAB-MS for C 298 H 3J4 N 6 0 7I (M = 5135.8) m/z 5159.3 [M + Naf. 
Anal. Calcd. for C 298 H 334 N 6 0 7 , : C, 69.69 ; H, 6.55 ; N, 1.64. Found C, 69.74; H. 6.72; N, 



1.49. 
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HO— v 





C 2S9 H 322 N 6°7| 

Exact Mass: 5012,1771 
Mol. Wt.: 5015.6468 
C 69,21; H 6,47; N 1.68; O 22,65 



OAc 



2-Azidoethyl (Z-O-a^I^dl-O-benzyl-a-i^haiimopyranosyO-a^HS^di-OL. 
ben^l-a.L-rhamnopyranosylM^^ 

4)H2-0-ben2oyl-arL-rhamnopyranosyIHl->3)-(2-acetainido-2-deoxy-p-D- 
Stacopyranosyl)-(1^2M3,4.d^^ 

a -L-rhamnopyrano S ylM1^3M2A4,6-tetr^^ 

benzoyI-a.L.rhamnopyranosyl>(l^3H2-acetamido.2-deoxy-M^lucopyranosyl)- 
2M3,4^i-a-benzyl^-L-rhanmopyr^ 

rhamnopyranosylHl^p^Afi-tetTa-O-benzyl^-D-glucopyranosyKl^ 
h<*z°y^-rhamnopyrano S y^^ 

To a solution of ihe pentadecasaccharide X (480 mg, 93 pmol) in DCM (14 mL) was added 
dropwise at 0«C, a solution of TFA (1.75 mL) and water (1.75 mL). The mixture was stirred 
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for 3 h then concentrated by ^evaporation with successively water and toluene. The residue 
was eluted from a column of silica gel with 1 : 1 toluene-AcOEt to give X as a white foam (390 
mg, 83 %); [a] D +12° (c 1, CHClj). 

FAB-MS for C289H322N 6 0 7 , (M = 5015.6) m/z 5037.2 [M + Naf. 

Anal. Calcd. for C 28 Jl32 2 N 6 0 7l .8H 2 0: C, 67.27 ; H, 6.60 ; N, 1.63. Found C, 67.31; H, 6.45; 
N, 

1.64. 
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Exact Mass: 2470,9706 
Mol. Wt: 24723534 
_ , C 47,61; H 6,77; N 2,27; O 43,36 



2-Aminoethyl (a-L-rhamnopyranosyl)-(l->2Ha-L-rhainnopyranos y l)-(l->3).[a.D. 
glncopyranosyI-(1^4)Ha-L-rhainnopyranosylHl-^3H2-acetamido-2-deoxy-P-D- 
gtacopyranosyl)-(1^2)^a-L-rhamnopyranosylHt^2Ha-i^rhamnopyranosyD-(l-*3)-[ 
o^D-glucopyranosyI-(1^4)Ha-L-rhaiimopyranosylH1^3H2-acetamido-2-deoxy-^^ 

glacopyranosyl)<1^2)Kcx.L-rha m nopyranosyIH1^2>(a-L-rhaiimopyrano S yIHl->3)-I 

ce,D-glucopyranosyHl^)Ka-^^ 

glucopyranoside (X). 

A solution of the partially deprotected pentadecasaccharide X (390 mg, 77 umol) in MeOH 
(10 mL) was treated by MeONa until pH=10. The mixture was stirred overnight at 55°C. 
After cooling at rt, IR 120 (H*) was added until neutral pH and the solution was filtered and 
concentrated, then was eluted from a column of silica gel with 20:1 DCM-MeOH to give the 
benzylatcd residue (252 mg). A solution of this residue in EtOH (3 mL), AcOEt (250 *iL) and 
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1M HC1 (106 uL) was hydrogenated in the presence of Pd/C (300 mg) for 48 h at rt. The 
mixture was filtered and concentrated, then was eluted from a column of C-18 with 
water/CH 3 CN and freeze-dried to afford amorphous X (127 mg, 65 %); [a] D -5° (c 1, H 2 0). 
'H NMR (D 2 0): partial 8 5.13 (m, 3H, 3 H-1 E ), 5.07 (m, 2H, H-W, 4.99 (bs, 1H, H-Ir^), 
4.95 (m, 2H, H-l^), 4.90 (m, 1H, H-l Rha ), 4.75 (m, 3H, H-l Rha ), 4.63 (d, 2H, J u = 8.5 Hz, 2 
H-1 D ), 4.51 (d, 1H, J ia = 8.5 Hz, H-i D ), 2.00 (s, 9H, 3 AcNH), 1.30-1.18 (m, 27H, 3H-6 A> 
3H-6 B , 3H-6 C ). ,3 C NMR (CDC1 3 ): 8 174.8, 174.7 (3C, OO), 102.9, 102.6, 101.7, 101.3, 
100.8, 97.9, 81.8, 81.7, 79.6, 79.0, 76.3, 76.2, 73.0, 72.7, 72.4, 72.1, 71.6, 70.5, 70.1, 70.0, 
69.7, 69.6, 69.4, 68.7, 68.6, 66.0, 61.0, 56.0, 55.4, 39.8, 22.7, 22.6 (AcNH), 18.2, 17.2, 17.0, 
16.9 (9C, 3 C-6 A . 6 n , 6 C ). FAB-MS for C98H, 6 6N 4 0 6 7 (M - 2470.9706) m/z 2493.9660[M + 
Na] + . 
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The serum immunoglobulin G-mediated response to serotype-specific determinants of 
Shigella flexneri lipopolysaccharide protects against experimental shigellosis 
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Abstract 

Both intestinal secretory IgA (SIgA) and serum IgG specific for the O-antigen (O-Ag), the 
polysaccharide part of the bacterial lipopolysaccharide (LPS) are elicited upon Shigella 
infection, the causative agent of bacillary dysentery. We have addressed here the protective 
role of the anti-LPS IgG response, using the murine model of pulmonary infection. Upon 
intraperitoneal (i.p.) immunization with killed Shigella flexneri 2a bacteria, mice were shown 

> 

to elicit a serum, but not a local, anti-LPS IgG response that conferred only partial protection 
against intranasal (i.n.) challenge with the homologous virulent strain. However, mice 
intranasally administered with, prior to i.n. challenge, an anti-LPS IgG polyclonal serum from 
i.p. immunized mice, showed a significant antibody dose-dependent decrease of the lung- 
bacterial load in comparison to mice that received preimmune serum. Using murine 
monoclonal antibodies (mAbs) of the G isotype (mlgG) representative of the different IgG 
subclasses and specific for serotype-specific determinants on the O-Ag, we showed that each 
IgG subclass exhibited a similar serotype-specific protective capacity, with significant 
reduction of the lung-bactcrial load and of subsequent inflammation and tissue destruction. In 
contrast, different subclasses of mlgG specific for the invasins IpaB or IpaC did not confer 
protection. In conclusion, the IgG-mediated systemic response to serotype-specific 
determinants contributes to protection against homologous Shigella infection, if the effectors 
are present locally at the time of mucosal infection. 
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Introduction 

Shigellosis is a major cause of infant morbidity and mortality in developing countries 
but an increasing number of cases in industrialized countries has been recently reported (33). 
Shigella, the causative agent of bacillary dysentery, invades the human colonic epithelial cells 
by manipulating processes that control the host cytoskeletal dynamics (8). 

Host response to bacterial infection is characterized by the development of an acute 
inflammation which is responsible for the destruction of the colonic mucosa and accounts for 
the symptoms observed at the early stage of the disease (53). Acquired humoral immunity 
induced upon primary infection confers protection against re-infection, although the duration 
of the disease-induced immunity seems to be limited. Antibody-mediated protection is 
species- and serotype-specific, pointing out LPS as the major protective antigen (19, 22. 38). 
In fact, species and serotypes among a given species are defined by the structure of the 
repeated saccharide unit that forms the O-Ag polysaccharide part of LPS (35). Other bacterial 
antigens, as for example the invasins IpaB and IpaC, are recognized by sera from 
convalescent patients (18, 45, 46, 63), but their contribution to protective immunity is poorly 
documented. 

Both intestinal SIgA and serum IgG directed against the O-Ag are elicited (13, 28, 31. 
69). However, the respective protective roles of local and systemic humoral immunity remain 
unclear. The ineffectiveness of parenterally injected inactivated whole-cell vaccines in 
inducing protection, despite the high level of anti-LPS serum IgG antibodies raised, has led to 
the belief that serum antibodies do not confer protection (21, 25). However, several indirect 
Pieces of evidence suggest that anti-O-Ag serum IgG may confer protection during natural 
infection. A correlation was found between the level of anti-LPS IgG antibodies and 
resistance to shigellosis among Israeli soldiers (14, 15). and an inverse relationship exists 
between the age of incidence of shigellosis and the presence of IgG antibodies to Shigella 
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LPS (47, 63). In addition, a detoxified LPS-based conjugate vaccine administered parenteral^ 
and eliciting mainly, if not only, serum antibodies has been shown to induce protective 
immunity (16). 

The use of experimental models of shigellosis has allowed the study of, at least in part, 
Shigella specific humoral immunity. The rabbit ileal loop model has been used to assess 
SIgA-mediated antibody response (31, 32), and more recently, the mouse model of pulmonary 
infection has been developed (51. 66). Following i.n. administration of bacteria, mice develop 
an acute broncho-pneumonia leading to massive destruction of the lung tissues. This response 
mimics the acute inflammation developed in intestinal tissues in the course of shigellosis. 
This model has been used to assess the immunogenicity and protective capacity of different 
Shigella vaccine candidates, either live attenuated strains administered Ln., or subunit 
vaccines administered parenterally (3, 34, 36, 65). Using this model, we have demonstrated 
that the IgA-mcdiated immune response specific for a seretype-specific detenninant is 
sufficient to confer protection, (51), with an improved protective capacity of the IgA when 
bound to secretory component (52). In the current study, using the same experimental model 
and specific polyclonal serum or mlgG, we have addressed the protective role of serum IgG 
recognizing serotype-specific LPS determinants or peptide epitopes on the invasins IpaB and 
IpaC. 
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Materials and Methods 

Bacterial strains 

M90T, an invasive isolate of S.flexneri serotype 5a, and 454, an invasive isolate of S.flexneri 
serotype 2a, were the virulent strains of reference. For i.n. infection, bacteria were routinely 
grown on Luria Bertoni agar plates at 37°C. They were recovered from plates and bacterial 
dilutions were performed in 0.9% NaCl with the consideration that, for an optical density of 1 
at 600 nm, the bacterial concentration was 5 x 10 8 c.f.u./ml. Killed bacteria for systemic 
immunizations were prepared from bacterial cultures at stationary phase, diluted to 5 x 10 8 
c.f.u. /ml in 0.9% NaCl, and then incubated at 100°C for lh. They were then kept at-20°C in 
aliquots. 

Production and characterization ofmAbs specific for S.flexneri LPS 
BALB/c mice were immunized i.p. with 10 7 c.f.u. of killed S. Jlexneri 5a or S. flexneri 2a 
bacteria three times at 3 week-intervals. Mice eliciting the highest anti-LPS antibody response 
were given an intravenous booster injection 3 days before being sacrificed for splenic B cell 
fusion according to Kohler and Milstein (30). Hybridoma culture supematants were screened 
for antibody production by ELISA using purified S. flexneri 5a or 2a LPS. We selected only 
the hybridoma cells secreting migG reacting specifically with LPS homologous to the strain 
used for immunization, /. e. recognizing serotype-specific determinants on the LPS O-Ag. 
Those selected were then cloned by limiting dilution, and injected i. p. into histocompatible 
mice for ascitis production. migG were precipitated with 50% ammonium sulfate from ascitis 
fluid, centrifuged, and dialysed against PBS before being purified using ion-exchange 
chromatography as previously described (2, 50). The avidity of anti-LPS migG was 
determined as follows: various concentrations of LPS were incubated in solution overnight al 
4°C with a defined amount of a given migG until equilibrium was reached. Each mixture was 
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then transfeired to a microliter plate previously coaled with homologous purified LPS. Bound 
antibodies were detected by using peroxidase-conjugated anti-mouse immunoglobulins 
specific for IgG subclasses. IC 50 was defined as the concentration of LPS required to inhibit 
50% of mlgG binding. 

Active and passive immunization of mice 

To obtain polyclonal serum, mice were immunized i.p. with 5 x 10 7 killed bacteria, three 
times at 3 week-intervals. After bleeding, anti-LPS antibody titer in the polyclonal sera was 
measured by ELISA, as described below, and those ranging from low (1/4,000) to high titer 
(1/64,000) were used for i.n. passive transfer. Purified mAbs (20 or 2 ng) were also 
administered intranasal^ All i.n. administrations were performed using a volume of 20*11 and 
mice previously anesthesized via the intramuscular route with 50ul of a mixture of 12.5% 
ketamine (Merial , Lyon, France) and 12.5% acepromazine (Vetoquinol, Lure, France). Each 
experiment was performed using 10 mice per group and was repeated three times. 
Protection experiments 

Intranasal challenge was perfonned using either 10 9 live virulent bacteria when protection 
was assessed by mortality assay or 10 8 bacteria when protection was assessed by 
measurement of the lung-bacterial load. Naive mice were used as controls in each experiment. 
Mice immunized i.p. were challenged i.n. with virulent bacteria, 3 weeks after the last 
immunization. Mice passively transferred i.n. with polyclonal sera or with purified mAbs 
were challenged lh after administration of the mAbs. Measurement of lung-bacterial load was 
perfonned at 24h post infection as follows. Mice were sacrificed by cervical dislocation and 
lungs were removed « en bloc » and ground in 10 ml sterile PBS (Ultra Turrax T25 apparatus, 
Janke and Kunkel KA Labortechnik GmbH, Staufen. Germany). Dilutions were then plated 
on Trypticase Soy Broth plates for c.f.u. enumeration. 
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ELISA 

Hybridoma culture supernatants were tested by ELISA for the presence of anti-LPS 
antibodies as previously described (2, 50) except that LPS purified according to Westphal 
(67) was used at a concentration of 5jig/ml in PBS. As secondary antibodies, anti-mouse IgG- 
or IgM- or IgA-alkaline phosphatase-labeled conjugate (Sigma) were used at a dilution of 
1:5,000. To measure the anti-LPS antibody titer in polyclonal serum, biotin-labeled Abs to 
IgG and its different subclasses (IgGl,-2a, -2b, -3) (Pharmingen) and avidin conjugated with 
alkaline phosphatase (Sigma) were used at a dilution of 1 :5,000. Antibody titers were defined 
as the last dilution of the sample giving an OD at least twice that of the control. 
Histopathologic^ studies 

Mice were anesthesized, their trachea catheterized, and 4% formalin injected in order to fill 
the bronchoalveolar space. Lungs were then removed and fixed in 4% formalin before being 
processed for histopathological studies. Ten-micrometer paraffin sections were stained with 
Hematoxiline and Eosin (HE), and observed with a BX50 Olympus microscope (Olympus 
Optical, Europa, GmbH, Hamburg, Germany). 
Statistical analysis 

Significant differences were compared using the Student's test Probability values < 0.05 were 
considered significant. 
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Results 

I) Protection conferred upon systemic Immunization or intranasal administration of 
specific immune serum. 

Firstly, to address the role of the systemic anti-LPS IgG antibody response in 
protection against the mucosal infection, we assessed the protection conferred against i.n. 
challenge with a lethal dose of S. flexneri 2a bacteria in mice immunized i.p. with the 
homologous killed bacteria. Antibodies induced upon such an immunization were mainly 
anti-LPS IgG antibodies (data not shown) with all the IgG subclasses similarly elicited 
(Figure 1A). No mucosal response was elicited, as reflected by the absence of anti-LPS 
antibody response detectable in the bronchoalveolar lavage of immunized mice. Only 40% of 
the immunized mice survived the i.n. challenge, whereas 100% of naive mice succumbed. The 
low efficacy of systemic immunization in inducing protection could be due to either the 
inability of anti-LPS IgG to be protective or the absence of the protective antibodies (or their 
presence but in insufficient amount) in the mucosal compartment at the time of i.n. challenge. 

We, therefore, tested whether the anti-LPS IgG antibodies may confer protection if 
present locally prior to mucosal challenge. Polyclonal sera exhibiting different anti-LPS 
antibody titers were intranasal^ administered to naive mice Ih prior to i.n. infection with a 
sublethal dose of S.flexneri 2a bacteria. Protection was assessed by the reduction of the lung- 
bacterial load in comparison to control mice and mice receiving preimmune serum. In contrast 
to control mice and mice receiving preimmune serum, naive mice receiving anti-LPS IgG 
serum showed a significant decrease of the lung-bacterial load. The reduction was dependent 
on the amount of anti-LPS IgG antibodies administered as reflected by the anti-LPS antibody 
titer of the immune serum used for passive transfer. Thus, the highest reduction was obtained 
with serum having the highest anti-LPS antibody titer (1/64,000) (Figure IB, c) (p=5 x 10" 6 in 
comparison to mice receiving preimmune serum). However, in mice receiving immune serum 
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with lower anti-LPS antibody titer (1/16,000 and 1/4,000) (Fig. IB, a and b), even if less 
efficient, the decrease of the bacterial load was still significant in comparison to mice 
receiving preimmune serum (p - 0, 027 and 0, 015, respectively). 

These results demonstrated that, if present locally at the time of mucosal challenge, the 
anti-LPS IgG antibodies were protective, thus limiting bacterial invasion. 



/ 



2) Protective capacity of mAbs specific for S. flexneri 2a serotype determinants and 
representative of the different IgG subclasses 

Depending of the infecting strain, different subclasses of IgG specific for LPS are induced 
following natural Shigella infection (28). To test whether the different anti-LPS IgG 
subclasses exhibit similar protective capacity, murine mlgG specific for serotype determmants 
on the O-Ag and, representative of each of the four murine IgG subclasses were obtained. We 
selected 5 mlgG specific for S. flexneri 2a LPS : mTgG F22 (IgGl), mlgG D15 (IgGl), mlgG 
A2 (I g G2a), mIgG E4 (IgG2b) ^ mIgQ C1 (lgQ3) ^ avidhy ^ ^ ^ ^ ^ 

defined by IC 50 , ranged from 2 to 20 ng/ml. To analyse the protective capacity of the selected 
mAbs, naive mice were administered i.n. with each of the purified mlgG prior to u, 
challenge with a 5. flexneri sublethal dose. Upon challenge, lung-bacterial load in mice 
passively administered with 20 ug of each of the mlgG specific for S. flexneri 2a LPS was 
significantly reduced in comparison to mice receiving PBS (Fig. 2A). Upon passive transfer 
using 2ug of mlgG, only mlgG Dl 5, A2 and E4 were shown to significantly reduce the lung- 
bacterial load in comparison to control mice, but with much less efficiency than that observed 
using 20ug (Fig. 2A). As shown in Figure 2B, reduction of lung-bacterial load in mice 
receiving 20 ug of mlgG was accompanied by a reduction of inflammation and therefore of 
subsequent tissue destruction. In comparison to control mice showing an acute broncho- 
alveolitis with diffuse and intense polymorphonuclear cell infiltration (Figure 2B, a, b) 
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associated with tissular dissemination of bacteria (Figure 2B, c), only restricted areas of 
inflammation were observed, essentially at the intra- and peribronchial level (Figure 2B, d, e), 
where bacteria localized (Figure 2B,/). Following passive administration with 2jig of mlgG, 
inflammation resembled that of the control mice with a similar pattern of PMN infiltration 
and tissue destruction, in accordance with the very low, if any, reduction in lung-bacterial 
load (data not shown). 

3) Serotype-specific protection induced by the anti-LPS mlgG 

Antibodies specific for epitopes common to several serotypes of a given species as well as 
serotype-specific antibodies are elicited upon natural or experimental infection (58, 64). 
However, the serotype-specific protection observed following natural or experimental 
infection suggests that the antibodies directed against serotype determinants play a major 
protective role (19, 38). For instance, mlgA specific for S. flexneri serotype 5a has been 
shown to protect only against homologous challenge (51). We, therefore, tested whether the 
protection observed with the anti-LPS mlgG obtained in this study was also serotype-specific. 
Mice passively administered with 20 M of mlgG CI specific for S. flexneri 2a were protected 
against homologous challenge, but not upon heterologous challenge with S. flexneri 5a 
bacteria (Fig. 3 A). Similarly, mice receiving 20 p.g of mlgG C20, a mAb specific for S. 
flexneri serotype 5a and, of the same isotype than mlgG CI, i.e. lgG3, showed a significant 
reduction of lung-bacterial load upon i.n. challenge with S. flexneri 5a, but not with & flexneri 
2a (Figure 3A). In mice protected against homologous challenge, inflammation was 
dramatically reduced with a slight intra- and peribronchial PMN infiltrate remaining present 
(Figure 3B, b and c). In contrast, in mice not protected upon heterologous challenge (Figure 
3B, a and d), inflammation and tissue destruction were similar to those observed in control 
mice (Figure 2B, a and b). 
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4) Protective capacity of mlgC specific for S. flexneri invasins 

The invasins IpaB and IpaC are essential to the expression of the Shigella invasive 
phenotype (39). Moreover, they are targets for the humoral response since antibodies specific 
for both proteins are detected in sera of patients convalescent from shigellosis (18, 45, 46, 63). 
To assess whether the anti-invasin antibody response may contribute to protection, in addition 
to the anti-LPS antibody response, we used mlgG recognizing different epitopes on IpaB or 

f 

IpaC (2, 50). Whatever the dose used, in contrast to mlgG C20, no reduction in lung-bacterial 
load was measured upon challenge in mice treated with mlgG H16 and mlgG H4 recognizing 
distinct epitopes in the central region of IpaB or with mlgG J22 and mlgG K24 recognizing 
the N- and the C-termini domain of IpaC, respectively (Figure 5). Protection was also not 
observed upon combining anti-IpaB and anti-IpaC mlgG (data not shown). 
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Discussion 

To date, the respective roles of local and systemic humoral immune responses specific for 
LPS O-Ag in protection against Shigella infection remained unclear, although this question is 
crucial for the design of accurate vaccine candidates* Indirect evidence has suggested a 
protective role for anti-LPS IgG (14, 15, 16, 34, 47, 63). We demonstrate here for the first 
time, using polyclonal serum and specific mAbs, that the systemic IgG-mediated response 
specific for serotype determinants carried by LPS O-Ag confers protection against mucosal 
infection, if present locally at the time of bacteria] challenge. 

LPS has been recognized for a long time as the major protective antigen (19, 22, 38). 
However, the question of the protective role of the antibody response to bacterial proteins 
remains unanswered. Among the proteins recognized by sera from patients convalescent from 
shigellosis, IpaB and IpaC, the invasins involved in the entry of bacteria into enterocytes, are 
two major antigens. Only indirect evidence suggested that the systemic response to these two 
virulence factors was not essential for protection (16). We show here that mlgG specific for 
IpaB or IpaC are not protective despite the fact that they are directed against epitopes located 
in different regions of these proteins (2, 50) and that they have been shown to interfere with 
their functional properties in in vitro studies (4, 40). The most likely explanation is that these 
invasins, that are secreted through the type III secretion apparatus, are injected straight into 
the host cell, upon contact of the bacterium with the cell membrane (6, 41). Therefore, there is 
probably very limited access, if any, for specific antibodies to interact with their targets. 
Although not tested, it is unlikely that the local SIgA-mediated response to these proteins will 
be protective* 

In the past, several sets of mAbs of M or G isotype specific for Shigella species have been 
produced. They are directed against the O-Ag of 5. sonnei (1), of & dysenteriae ( 20, 56, 60) 
and, of S.flexneri (9, 10 11, 24, 26, 60). However, as the goal was to develop diagnostic tests 
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for Shigella identification (12, 27), their protective properties have not been investigated. 
Except for a few (42, 43), the sequence of the V H and V L genes is unknown. Similarly, the 
oligosaccharide determinants they recognize have not been characterized, except for 2 mAbs 
specific for S. dysenteriae 1 (43, 49). Thus, for a better understanding of carbohydrate 
antigen/antibody interactions, we are currently characterising the fine specificities of 
recognition between the mAbs obtained in this study and the O-Ag they recognize. 

To obtain mlgG, hybridoma cells were selected, upon cell fusion, on the basis of their 
secretion of mAb recognizing determinants specific for the S. flexneri serotype used for 
immunization, Ue. serotype 2a and serotype 5a. respectively. During the screening, we 
observed that most of the hybridoma cells tested (about 90%) were secreting serotype-specific 
mAbs. This result slightly differs from previous reports showing the obtention of mAbs 
directed to determinants common to several S. flexneri serotypes including 2a and 5a (1 1, 24), 
However, it may be explained by recent new insights on bacterial O-Ag conformation. For 
instance, in the case of S. dysenteriae 1, the a-L-Rhap-(l-->2)- a-D-Galp disaccharide 
represents the major antigenic epitope on the O-Ag. Interestingly, in the proposed 
conformational model of & dysenteriae 1 O-Ag, which is a left-handed helical structure, the 
galactose residues protrude radially at the helix surface, therefore resulting in a pronounced 
exposure of both the galactose and the adjacent rhamnose of each repeating unit (44). A 
similar result has been obtained in our hands with the O-Ag of & flexneri 5a. In that case, the 
branched glucosyl residue specifying this serotype and required for recognition by serotype- 
specific antibodies (L. Mulard and A. Phalipon, personal communication) points out of the 
surface of the helix, which exhibits a right-handed three-fold helical structure (M. J. Clement 
and M. Delepierre, personal communication ). Therefore, we may reasonably hypothesize that 
these peculiar sugar residues repeatedly exposed at the O-Ag surface, and therefore at the 
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bacterial surface, preferentially trigger B cell receptor-mediated recognition, thus leading to 
the induction of a predominant anti-serotype specific antibody response. 

In humans, depending on the infecting strain, different subclasses of IgG specific for LPS 
are induced following natural Shigella infection (28). For instance, S. flexneri 2a and S. 
dysenteriae 1 preferentially induce IgG2, whereas S. sonnet mainly induces IgGl. Similarly, 
upon vaccination with glycoconjugate vaccines using detoxified LPS from S. flexneri 2a and 
S. sonnet, the same pattern is observed, IgG2 and IgGl, respectively. These antibodies may 
confer protection by different pathways involving or not the complement cascade. In the 
present study, all the different murine IgG subclasses were shown to be protective, suggesting 
that depending on the subclass, different mechanisms may be involved in IgG-mediated 
protection. Whereas antibody-dependant cellular cytotoxicity (ADCC) has been reported for 
Shigella-specific secretory IgA and lymphocytes from the gut-associated lymphoid tissues 
(61), Shigella IgG-mediated ADCC occurs in vitro with splenic T cells but not with T 
lymphocytes from the GALT (62). Further studies using mice deficient for T cells or for 
proteins of the complement cascade will be required to analyze the IgG-mediated protective 
mechanisms in vivo. 

The protective role of the serotype-specific antibody response has been firstly emphasized 
in a study using a monoclonal dimeric. IgA (mlgA) specific for a S. flexneri serotype 5a 
determinant (51). Here, we demonstrate that mlgGs specific for S. flexneri serotype 2a or 
serotype 5a also confer serotype-specific protection. It seems that whatever the antibody 
isotype and the bacterial strain, the serotype-specific antibody response is protective against 
homologous bacterial challenge. It should be noted that using the same amount of mlgA and 
mlgG specific for 5. flexneri 5a, both exhibiting a similar IC 50 for LPS, reduction in lung- 
bacterial load was much more efficient with mlgA. Actually, in contrast to mlgG, protection 
was observed in the presence of 2jag of mlgA. The discrepancy between the two isotypes may 
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be due to the dimeric/polymeric (d/p) form of mlgA, which mimicks the TgA response at the 
mucosal surface. In contrast to monomcric IgG, interaction of d/p IgA exhibiting at least four 
antigen-binding sites with a specific determinant highly repeated on the bacterial O-Ag 
surface may lead to the formation of aggregates that are efficiently removed by local physical 
mechanisms (17). Also, quantitative assessment of IgG and IgA subclass producing cells in 
the rectal mucosa during shigellosis in humans has revealed the predominance of the IgA 
response. The IgG response which is about 50 times lower than the IgA response is mainly 
IgG2 and correlates with the presence of specific IgG2 in serum. This correlation suggests 
that the majority of the Shigella specific serum antibodies are derived from the rectal mucosa 
(29). Together, these results suggest that in the situation where both local and systemic anti- 
LPS antibody responses are induced, as for example upon natural infection, the local SlgA- 
mediated response will be the major protective response, with the IgG-mediated response 
possibly contributing to a lesser extent to local protection. 

On the other hand, our data suggest that in the absence of local SIgA-mediated 
response, as for example upon vaccination via the systemic route using glycoconjugate 
vaccines, the systemic anti-O-Ag response induced is effective in protecting against 
homologous Shigella infection, if the effectors are present locally. Previous reports have 
shown that serum IgGs may protect from gastrointestinal infections (7, 54). Therefore, it 
should be admitted that serum IgG efficiently gain access to the intestinal barrier in order to 
prevent bacterial invasion and dissemination. How IgG crosses the epithelial barrier to 
function in mucosal immunity remains unclear. One possible pathway is passive transudation 
from serum to intestinal secretions (5, 37, 67). After its passage of the intestinal barrier 
through M cells and its interaction with resident macrophages and epithelial cells, Shigella 
initiates an inflammatory response leading to infiltration of the infected tissues with 
polymorphonuclear cells (53). We may therefore reasonably envision that specific serum IgGs 
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transudate to the intestinal tissue during Ibis inflammatory process that occurs very soon after 
bacterial translocation. Another explanation could be the involvement of the FcRn receptor in 
IgG transport. FcRn was firstly identified as the Fc receptor responsible for transferring 
maternal IgGs from mother's milk across the intestinal EC of the neonatal gut of rodents. 
Much evidence supports the concept that FcRn is ubiquitously expressed in adult tissues and 
plays a role in IgG homeostasis, dealing with IgG half-life (23). It has been recently reported 
that this receptor is expressed by enterocytes in human adults and mediates transcytosis of 
IgG in both direction across the intestinal epithelial monolayer (57). Further investigation is 
required to improve our knowledge on the role played by FcRn in IgG-mediated protection of 
the intestinal barrier against enteropathogens. Nevertheless, the existence of such a pathway 
already enlarges the current view of the humoral response at mucosal surfaces. 

To conclude, our data are in favor of the hypothetical concept proposed by Robbins et 
al. stating that protection against bacterial enteric diseases may be conferred by serum IgG 
antibodies to the O-Ag of their bacterial LPS (59). The demonstration of the protective role 
of anti-LPS IgG-mediated systemic response against Shigella infection supports vaccine 
approaches based on detoxified LPS/protein glycoconjugate vaccines administered 
parcntcrally (47). In addition, the serotypc-specific protection suggests that, upon their 
characterisation, the protective serotype-specific determinants for prevalent Shigella strains 
could be suitably combined in order to develop a multivalent synthetic vaccine for parenteral 
vaccination, since promising results have been recently obtained with synthetic 
oligosaccharides as immunogenic conjugates (55). 
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Legends of figures 

Figure 1 : Protection conferred by immune serum specific for S flexneri 2a LPS 
intranasally administered prior to i.n. challenge. 

A) Serum IgG subclasses elicited in mice upon i.p. immunization with killed S. flexneri 2a 
bacteria, — represents the mean value of the antibody titer (n=10 mice). 

B) Protection assessed by reduction of lung-bacterial load in mice receiving mXi-S flexneri 2a 
LPS immune serum raised upon i.p. immunization, Ih prior to i.n. challenge with a sublethal 
dose of S. flexneri 2a bacteria, a, b, c, correspond to immune sera exhibiting an anti-X 
flexneri 2a LPS IgG antibody titer of 1/4,000, 1/16,000 and 1/64,000, respectively. Standard 
deviation is indicated (n=10 mice per group). 

Figure 2 : Protection conferred by different subclasses of mlgG specific for 5. flexneri 2a 
serotype determinants. 

A : mice receiving intranasally 20jig and 2^g of purified mlgG, respectively, lb prior to i .n. 
challenge with a sublethal dose of £ flexneri 2a. Lung-bacterial load was expressed using 
arbitrary units with 100 corresponding to the bacterial count in lungs of control mice. 
Standard deviations are represented (n-1 0 mice per group). 

B : Histopathological study of mouse lungs, Upper row : control mice. Lower row : mice 
receiving mlgG. HE staining : a and d magnification x 40 ; b and e magnification x 100. 
Immunostaining using an anti-LPS antibody specific for £ flexneri serotype 2a : c and / 
magnification xl 00. 

Figure 3: Serotype-specific protection conferred by the anti-LPS mlgG. 

A : Mice were receiving i.n. 20p.g of each of the purified mlgG, C20 and CI, lh prior to i.n. 
challenge with a sublethal dose of £ flexneri serotype 2a (A) or serotype 5a (B) bacteria. 
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Lung-bacterial load was expressed using arbitrary units with 100 corresponding to the 
bacterial count in lungs of control mice. Standard deviations are represented (n=10 mice per 
group). 

B : Histopathological study of mouse lungs, a and b : mice receiving mIgGC20 specific for S. 
flexneri serotype 5a and challenged with S.flexneri serotype 2a and 5a, respectively, c and d : 
mice receiving mlgGCl specific for S.flexneri 2a prior to challenge with S. flexneri serotype 
2a and 5a, respectively. HE staining, magnification x 100. 

Figure 4 : Protection conferred by mlgG specific for S. flexneri IpaB or IpaC invasins. 
Mice were receiving i.n. 20^g of each of the purified mlgG, H4, HI 6, J22, K24, and C20, Ih 
prior to i.n. challenge with a sublethal dose of S.flexneri serotype 5a. Lung-bacterial load was 
expressed using arbitrary units with 100 corresponding to die bacterial count in lungs of 
control mice. Standard deviations are represented (n=10 mice per group). 
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Conformational studies of the O-specific polysaccharide of Shigella flexneri 5a and of four 
related synthetic pentasaccharide fragments using NMR and molecular modeling. 
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Streptococcus pneumoniae, Neisseria meningitidis or Salmonella typhi are commercially 
available (2). However, as they were ineffective in infants, polysaccharide:protein conjugate 
vaccines were then successfully developed, as illustrated by Haemophilus influenzae b and 
Neisseria meningitidis Group C vaccines recently made available (3,4). Glycoconjugate vaccines 
derived from detoxified LPSs are under study in several laboratories, since protein conjugates of 
the polysaccharide moiety of LPSs were shown to be safe and immunogenic in humans (5). 
However, improving the immunogenicity of such conjugates is still of high interest, although it 
may be impaired by a poor knowledge of the critical parameters. A possible alternative to 
polysaccharide conjugate vaccines may derive from the use of accurate synthetic mimics of the 
bacterial polysaccharide. 

The development of such an alternative, targeting a synthetic vaccine against Shigella 
jlexneri infections, is ongoing in the laboratory. S. flexneri is a Gram-negative bacillus 
responsible for the endemic form of shigellosis, a dysenteric syndrome. The disease, 
characterized by bacterial invasion of the human colonic mucosa (6), causes a high rate of 
mortality among infants, particularly in developing countries (7). It has been demonstrated that 
the O-specific polysaccharide moiety (O-SP) of the LPS is the major target of the protective 
immune response. Indeed, protein conjugates of the polysaccharide moiety of S. flexneri serotype 
2a appear as promising vaccine candidates (8). 

The intimate relationship between polysaccharide shape and biological function is now 
well-established and it is assumed that knowledge of the conformational behaviour in solution of 
the bacterial surface polysaccharide may help the mimic approach. Indeed, following the 
pioneering woric by Lemieux and his co-workers (9), and taking advantage of the development of 
powerful new methods for conformational analysis, both in NMR and Molecular Modeling, 
increasing knowledge of the conformation of bacterial polysaccharide has been made available 
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(10). The study presented herein deals with the model bacterium S. flexneri 5a, whose specificity 
is defined by the structure of the repeating unit II of its O-SP (1 1). 

A B C j> 

^2H*-L-Rhap-(1^2)-^^ 

(1T3) 

E a-D-GIcp (II) 

This branched pentasaccharide comprises the linear tetrasaccharide I, which is made of 
three a-L-rhamnopyranosyi (a-L-Rha) and one a-acetamido-^deoxy-P-D-glucopymnosyl 0-D- 
GlcNAcp) residues and is common to the repeating units of the LPSs of all S. flexneri serotypes 
(12). 

A B C D 

->2)-a-L-Rhap-(l->2)-a-L-Rh a/7 -(1^3)-a-L-Rhap-(1^3).p-D.GlcNAcp-(l-> (T) 

The specificity of serotype 5a is associated to the presence of an a-o-glucopyranosyl (a- 
D-Glc/7) residue (E) at position 3 of residue B (Figure 1) (1 1). 

(Figure 1) 

Frame-shifted di-, tri-, tetra- and pentasaccharide fragments of the O-SP 5a, all bearing 
the characteristic EB segment, have been recently synthesized as their methyl glycosides with the 
natural anomeric configuration at their reducing end (13-17). In order to define if short fragments 
can express conformational features of the O-SP 5a, we carried out a comparative study of the 
conformational behavior of the four possible pentasaccharides 1, 2, 3, 4 specific for the O-SP 5a 
(Figure 1) and that of the native O-SP. Given the putative flexible nature of oligosaccharides and 
polysaccharides, a combination of NMR and molecular modeling analysis was undertaken to 
accurately deduce the conformational properties of these molecules. Moreover, th. ^ Y . 
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protect ee monoclonal antibody specific for Shigella flexneri 5a for these p ent asaccharides has 
been inve stigated bv inhibition enzyme-linked immunosorbent assay fELISA). Immunochemical 
a, H) structural data will allow correlating ihc inhibitor.^Uv;itvi.or pent asaccharides with their 
cpnformatioiva^jeatures. 

The NMR conformational study lies in the analysis of J H and ,3 C chemical shifts, the 
evaluation of inter-residue distances as well as heteronuclear 3 Jc,n coupling constants across the 
glycosidic linkages which are related to <E> and ¥ torsion angles in a Karplus-type relationship 
(18). The Vc,h coupling constants have been determined using two different techniques, 
ercitation-sculptured mdirect-rfetection experiments (EXSIDE) (19) and gradient-selected J- 
HMBC experiments (20). The molecular modeling of the pentasaccharides consists in a complete 
conformational search with the CICADA algorithm (21) interfaced with MM3 force field (22,23) 
which has proven to be very efficient for exploring the conformational space of flexible 
molecules (21), including oligosaccharides (24-26). Boltzman-averaged inter-residuc distances 
and Vc,h coupling constants were calculated on the generated conformers and compared with 
NMR data for all frame-shitted pentasaccharides. As the regular helical conformation of 
polysaccharides that is observed in their solid state (27) can be used as starting point for studying 
their solution behavior, the possible helical shapes of the O-SP 5a have been determined by 
means of a molecular builder, POLYS (28), which combines a database of monosaccharide 
structures with the conformational information of disaccharide fragments. Based on the 
comparison of the NMR and molecular modeling data described herein with those obtained for 
the S. flexneri variant Y polysaccharide (29) (O-SP Y), whose repeating unit is the 
tetrasaccharide I, particular attention was paid to the influence of the branched glucosyl residue E 
on the conformational properties of O-SP 5a, 
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EXPERIMENTAL PROCEDURES 
Material. Solution concentrations of the pentasaccharides 1, 2, 3 and 4 in 600 ^1 deuterium 
oxide were 28 mM, 30 mM, 24 mM and 12.7 mM respectively. The O-SP 5a was prepared by 
acid hydrolysis of the LPS as described earlier (30). Mass spectrometry analysis showed that the 
purified O-SP is composed of an average of 15 repeating units. About 10 mg of O-SP 5a were 
dissolved in 400 pi of deuterium oxide. 

Nomenclature. The two torsion angles describing a glycosidic linkage are defined as <S> = 0 $ - 
Q-O.-C'x and ¥ = C-Oj-C'x-C'x+t with the primed atoms belonging to the reducing side and the 
sign being in agreement with IUPAC nomenclature (31). 

NMR spectroscopy. NMR experiments were recorded on Varian Unity and Inova 
spectrometers, operating at 'H frequency of 500 MHz and 600 MHz respectively, equipped with 
a triple resonance pulsed field gradient probe with an actively shielded z gradient Chemical shifts 
are given relative to an external standard of sodium 2,2-dimethyl-2-silapentane-5 sulfonate (DSS) 
at 0 ppm for both "c and «H chemical shifts. DQF-COSY (32), TOCSY (33), off-resonance 
ROESY (34), gHSQC (35), gHSQCTOCSY (35,36), and gHMBC (35) experiments were 
performed as described previously (16,17), at 35»C or 38°C for the pentasaccharides and at S0°C 
for the O-SP 5a. The V H , H coupling constants were obtained from one-dimensional spectrum 
with a digital resolution of 0.1 Hz/point, or from the DQF-COSY experiment with a digital 
resolution of 0.5 Hz/point. The coupling constants were measured from the gHMBC 

spectrum with a digital resolution of 0.5 Hz/point. 

The NOESY experiments were carried out at 10°C with mixing periods of 100, 200, 400 and 
600 ms for the pentasaccharides, and at S0°C with mixing periods of 80, 100, 200, 300 ms for the 
O-SP to obtain buiM-iip nm, r 
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For the measurement of long-range heteronuclear 3 /c,h coupling constants, two different 
methods were used, excitation-sculptured /ndirect-rfetection experiments (EXSIDE) (19) and 
gradient-selected J-HMBC experiments (gs-7-HMBQ (20). Concerning the first one, all proton 
band-selective n pulses were Gaussian cascade Q3 pulses (37) with phase modulation to achieve 
off-resonance inversion. They were generated using the Pandora's Box pulse-shaping program 
available in Varian software. Sixteen scans of 2048 complex points were collected for each of the 
512 f; increments. A J-scaling factor (N) of 15 was applied, A recovery delay of 2.5 s was used 
prior to each scan. The spectra were transformed after zero filling to 2048 □ 4096 complex points 
using unshifted Gaussian window function along the F\ and F 2 dimensions. In EXSIDE spectra, 
the V Cl H coupling constants were measured in F\ dimension with a digital resolution of 0.3 
Hz/point. For the gs-J-HMBC experiments, nine 2D spectra were acquired with 16 and 96 scans 
per increment (356 1/ increments) for the pentasaccharides and the O-SP 5a respectively. A 
constant time delay x max of 230 ms and x values from 50 to 220 ms were used. The Vqh coupling 
constants values were obtained by measuring cross peak intensities as a function of t and fitting 
them to an equation of the form 

y = A sin (n Voh t) 

Indeed, the intensity, ^(//,0), of a particular correlation in a HMBC spectrum depends on the 
amplitude of the long range /c,h and can be described by the following equation (20,38) : 

s(t h t 2 ) - exp [-(A + + // + h) I 7a] sin (u Vch 4)Hcob [n J H *(A + w + t t + 1 2 )] sin (tc V n , 

x) 

with A = (2 Vch) -1 . 

The l3 C spin-lattice relaxation time measurements of the O-SP Sa were carried out at 125 MHz 
by means of 2D-double-INEPT type inverse-detected experiments with suppression of cross- 
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correlation (39). Eight experiments were performed with relaxation delays, r, ranging from 0.005 
to 1 s. T x values were deduced by measuring the cross peak intensities as a function of T, and 
fitting the volumes to an equation of the form 

y-A exp(-r/Ti) 
Error on data points was estimated as 5 noise rsmds. 

All 2D data, except for EXSIDE and HMBC experiments, were collected in the phase sensitive 
mode using the States-Haberkorn method (40). 

Inter-proton distances from cross-peak volumes. The cross-peak volumes from off- 
resonance ROESY (400 ms mixing timel and NOESY experiments were measured with the 
VNMR software. The proton-proton distances were calculated using the usual 1/r 6 NOE/distance 
relationship (41). NOE-derived distances were obtained from initial NQE build-up rates which 
are calculated thanks to the fitting of ttOE volu mes at the different mixing times. The intra- 
residue distance of 2.52 A between H-l and H-2 protons of the a-rhamnose unit B was used as 
reference for distance calibration. 

Energy calculations. All geometry optimizations were performed using the molecular 
mechanics program MM3 (22,23). The block-diagonal minimization method was used for 
geometry optimization, with the default energy-convergence criterion (0.00008*n kcal/mol per 
five iteration, n « number of atom). The dielectric constant was set to 78 in order to attenuate the 
influence of hydrogen bonding on die potential energy surface. 

Starting models. All the disaccharides and oligosaccharides were built using MONOBANK, a 
database of three-dimensional structures of monosaccharides (42). 

Relaxed energy maps of the disaccharides. The five disaccharides constituting the O-SP 5a 
have been the subject of a systematic grid search study for the conformation of the glycosidic 



8 



CA 02434668 2003-07-07 

SnexSa-NMR-1C50protocoI*revct 

linkage. The calculations were performed on disaccharide methyl glycosides. Starting from 
minimized disaccharides, the O and Hf torsion angles were driven by steps of 20° over the whole 
angular range while the molecular mechanics program, MM3, provided full geometry relaxation. 
Several maps were calculated for each disaccharide to take into account several possible 
orientations of the primary and secondary hydroxyl groups. At most, 24 starting geometries were 
needed to take into account the two most stable staggered orientations of the hydroxymethyl 
groups, referred as gg and gt, and the two possible networks of secondary hydroxyl groups, 
around each ring referred as clockwise and counterclockwise. For each disaccharide, the results 
of these calculations are projected on a so-called 'adiabatic' map where only the confonner with 
the lowest energy for each (<!>,¥) value is considered. Iso-energy contours were then plotted by 
interpolation of I kcal/mol within an 8 kcal/mol window. 

CICADA calculations. Exploration of the potential energy surface of the pentasaccharides was 
performed with the CICADA program (43). Input for the CICADA program, which is an 
interface to the MM3 force field, consists mainly of one or a few conformers in MM3 format and 
a file containing the list of torsion angles to be driven and/or monitored. During the CICADA 
calculations, each selected torsion angle is driven one after the other in each direction from the 
initial conformation at a given increment For the pentasaccharides, the driven torsion angles 
were O and ¥ at each linkage and the torsion angle of each hydroxymethyl group (Os-Cs-Ce-Oe), 
leading to a dimensionality of 10 for the potential energy surface to explore. The torsion angle of 
JV-acetyl group (Q-C2-N-Cs) and the torsion angles of all the secondary hydroxyl groups were 
monitored but not driven. The increment step was set to 20° and two conformations were 
considered to be different when one of the driven or monitored angles differed by at least 30°. A 
relative energy cut-off of 50 kcal/mol was applied for exploring the potential energy surface. The 
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search was stopped when no new conformer with energy lower than 5 kcal/mol could be 
detected. 

Analysis of the potential energy surface. The conformations and transition states found by 
CICADA were analyzed by the PANIC program (44), which explores the paths along the 
potential energy surface. Conformations were clustered into families within an energy window of 
5 kcal/mol with the FAMILY program (45). In the present study, a conformer belongs to a 
conformational family if at least one of its torsion angles differs by less than 10° to at least one of 
the conformers of the family. As for the relative importance of each family, their population is 
calculated. The relative population of the ith conformational state, Pi, with energy, E\ f is dictated 
by the Boltzmann distribution 

Pi - exp(-£i / kT) I Eexp(-£i / AT) 

Calculations of theoretical distances and coupling constants. For each pentasaccharide, 
Boltzmann-averaged interproton distance <r*> matrices and ^Jctf* coupling constants were 
calculated for the two lowest energy conformational families and for the average of all 
conformational families with population of more than 1% at 298 K. 

The Vc,h coupling constants were calculated by using a Karplus-type equation for C-O-C-H 
segment (18). 

Vc,h « 5.7 cos 2 0 H - 0.6 cos 0 H + 0.5 
Then, using the fractional population (Pi) for each conformational microstate, the average 
interproton distances and coupling constants were computed from 

<r> = (£Pi.rV /6 
and <Vch > = E /H. Vcyi 
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Construction of the O-SP 5a. Possible conformations of the O-SP 5a were modeled using the 
molecular builder POLYS (28). Different polysaccharide fragments made of six repeating units 
were constructed using all the combinations of the energy-minima obtained from adiabatic 
energy maps calculated on the disaccharides constituting it. The models that did not present 
serious steric conflicts were submitted to a POLYS procedure that optimized the values of <D and 
V at each glycosidic linkage in order to attain the closest regular fold helical symmetry. 

Inhibition ELISA. Fisrt of all, a standard curve was established with IgGC20, a protective 
monoclonal antibody specific for S.flexneri 5a (A. Phalipon, personal communication). Different 
concentrations of the antibody were incubated at 4°C overnigjit and then incubated on microtiter 
plates coated with purified S. flexneri 5a LPS at a concentration of 5 jigfail in carbonate buffer at 
pH 9.6, and previously incubated with PBS/BSA 1% for 30 min at 4°C. After washing with PBS- 
Tween 20 (0.05%), alkaline phosphatase-conjugated anti-mouse IgG was added at a dilution of 
1:5000 (Sigma Chemical CO.) for Ih at 37°C. After washing with PBS-Tween 2a (0.05%), the 
substrate was added (12 mg of p-nitrophenylphosphate in L2 ml of Tris, HC1 buffer pH 8.8 and 
10.8 ml of NaCl 5M). Once the color developed, the plate was read at 405 nm (Dinatech MR 
4000 microplate reader). A standard curve OD = ffantibody concentration) was fitted to the 
quadratic equation Y » aX 2 +bX+c where Y is the OD and X is the antibody concentration. 
Correlation factor (t*) of 0.99 were routinely obtained. 

Then, the amount of oligosaccharides giving 50% inhibition of lgGC20 binding to LPS (IC50) 
was determined as follows. IgQC20 at a given concentration (chosen as the minimal 
concentration of antibody giving the maximal OD on the standard curve) was incubated overnight 
at 4°C with various concentrations of each of the oligosaccharides to be tested, in PBS/BSA 1%. 
Measurement of unbound IgGC20 was performed as described above using microtiter plates 
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coated with purified LPS from S. flexnerl 5a and the antibody concentration was deduced from 
the standard curve. Then, IC50 were determined. 

RESULTS AND DISCUSSION 
NMR spectroscopy. Protons and carbons of the methyl glycosides 3 and 4 as those of the O-SP 
5a have been assigned as described previously for pentasaccharides 1 (16) and 2 (17) using one- 
and two-dimensional NMR spectra such as DQF-COSY, TOCSY, gHSQC, gHMBC and 
gHSQC-TOCSY, crucial to solving the final ambiguities. Taking into account that different 
references were used, the l H and ,3 C chemical shifts of the O-SP 5a determined here are in good 
agreement with those previously published (46,47). 

Comparison of ! H and ,3 C chemical shifts of pentasaccharides with those of the O-SP 5a 
shows that the lack of third branching sugar on residue B for pentasaccharides 1 and 3 induces 
differences not only on residue B but also on internal residues (See supplemental material Tables 
S1-S2). For example, the chemical shifts of the H-2 C » H-3 C and C-3 C of 1, and the H-4a* H-5 a 
and C-S A of 3 do not coincide with those of corresponding atoms in the native O-SP, Moreover, 
all l H and 13 C chemical shifts of internal residues of pentasaccharide 4 are similar to those of the 
O-SP 5a, except for protons H-1 B and H-5 B (Table 1 and 2). For pentasaccharide 2, many more 
differences are observed for protons as well as carbons (See supplemental material Tables Sl- 
S2). 

(Table 1) 
(Table 2) 

As chemical shifts are extremely sensitive to conformation, one can state that pentasaccharide 4 
is the fragment whose conformation more closely mimics that of the native O-SP. The large 
differences observed for residues at the reducing and non-reducing ends are due to glycosylation 
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effects or to the presence of the methyl aglycone. Comparison of ! H and ,3 C chemical shifts of 
O-SP 5a with those of O-SP Y (29) (Table 1 and 2) shows that the presence of the glucosyl 
residue E at position 3 of rhamnosyl residue B in O-SP 5a introduces significant changes into the 
chemical shifts of the backbone residues. The major differences in chemical shifts are obviously 
observed for residue B. Additionally, minor differences are observed for residues A and C, the 
former being involved in a 2,3-cis vicinal pattern with residue E. Long range effects of residue E 
are also observed on chemical shifts of residue D. These observations point out the critical 
influence of the branched glucopyranoses E on the overall solution conformation of the O-SP 5a 
backbone. 

The vicinal coupling constants Vh,h of 3 and 4 are fully consistent with a ! C 4 conformation for 
the L-rhamnopyranoses (A, B and C) and a A C\ conformation for the D-glucose and the Af-acetyl 
D-glucosamine residues (E and D) (See supplemental material Table S3) as it was previously 
observed for the frame-shifted pentasaccharides 1(16) and 2(17). 

As expected, the heteronuclear one-bound Vc-kh-i coupling constants measured in gHMBC 
experiment for each pentasaccharide and O-SP 5a are in agreement with an a configuration for 
the L-rhamnopyranose and D-glucose residues and with a (5 configuration for N-acetyl D- 
glucosamine residue (Table 2 and supplemental material Table S4) (48). The ! /cm.h-i coupling 
constants of the rhamnose residues A and B in the native O-SP are slightly larger than expected 
for such residues (173 Hz vs 170 Hz). Interestingly, amongst the synthetic pentasaccharides, only 
compound 4, presents this increase for both residues A and B, The larger values measured for 
'-Jb-i.iM coupling constants may be explained by an increase of steric constraint surrounding C-l 
and C-2 of these residues (49). This argument is corroborated by the values of l3 C spin-lattice 
relaxation times (7i) (Table 2) determined for the O-SP 5a. Indeed, the C-U and C-2 A present 
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l3 C T\ values that reflect some rigidity relative to the other caibon atoms of its cycle (300 ms vs 
350 ms). The C-U and C-2 B present the lowest ,3 C T\ values («270 ms). On the contrary, the 
high l3 C T\ values measured for the branched glucosyl residue E may be interpreted as an 
indication of greater mobility. 

The conformations of the four pentasaccharides and that of O-SP 5a were examined in more 
details using the intcr-residue *H- l H distances obtained from NOESY and off-resonance ROESY 
experiments. The latter experiment allows to avoid spin diffusion effect as well as Hartmann- 
Hahn artifacts (34). Averaged inter-residue 'H-^H distances deduced from ROE and NOE 
volumes are in agreement (Table 3 and supplemental material Table S5). Moreover, no 
significant difference is observed between the intcr-residue ! H-*H distances of the four 
pentasaccharides and those of the native O-SP. Generally, NOE or ROE cross-peaks across 
giycosidic linkages can fit to many different conformations. Here, the large number of 
connectivities observed in addition to NOEs and ROEs across giycosidic linkages between 
anomeric and aglyconic protons are useful for the definition of a single conformation. 
Futhermore, the presence of long-range NOE and ROE connectivities such as H-6^/NacD in 2 and 
H-6b/N-Ac d in 1, 2 (See supplemental material Table S5) and O-SP 5a, is an indication of the 
folded nature of the backbone of these molecules. 

(Table 3) 

In order to complete this conformational analysis, long range 3 Jc,h coupling constants across 
the giycosidic linkages, which are related to <P and ¥ torsion angles in a Karplus relationship, 
were determined from two different NMR experiments, EXSIDE and gradient-selected J-HMBC 
(Table 4). 

(Table 4) 
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The fonner experiment, EXSIDE, is a semiselective version of the gradient-selected HSQC 
sequence (50,51), that provides cross-peaks J-scalcd in the carbon dimension. The 3 J C \h coupling 
constants are measured directly on the spectrum (Figure 2) with no interference from any 
homonuclear couplings due to a proton band selection based on the excitation-sculpting 
technique (52). The unique chemical-shift region of anomeric protons in oligosaccharides makes 
this method easily applicable for a rapid obtaining of coupling constants Involving H-l protons. 

(Figure 2) 

Nevertheless, a difficulty exists for the measurement of some V<m,h-x coupling constants due to 
the proton spectral overlap rendering measurement without interference from homonuclear 
couplings impossible. In order to obtain the missing Vc-i,h-x coupling constants, gs-J-HMBC 
experiments were performed, although in that case obtaining 3 Jch coupling constants is much 
more time consuming than the EXSIDE experiment. Indeed, several 2D spectra must be acquired 
with different evolution time x. Then, the signals being amplitude modulated by sin (rc Jcjh *c)> the 
heteronuclear long-range 3 Jc,h coupling constants are obtained by fitting a sine curve to the 
experimental data. According to the 3 Jc\h values measured (Table 4 and supplemental material 
Table S6), both approaches lead to identical results with the same precision (=fc 0.3 Hz). The 
pentasaccharide Vc,h coupling constants are rather similar to those of the O-SP Sa except for the 
b,h-3c of 1 which is very different (6.1 Hz vs 3.7 Hz), as could be expected considering that 
the pentasaccharide 1 lacks the critical A(E)B branching point. 

Molecular Modeling of the pentasaccharides. Five different glycosidic linkages A-B, B-C, 
C-D, D-A and E-B are needed to build the O-SP 5a. Each of the corresponding disaccharides was 
studied by a systematic grid search approach using MM3 program and the resulting adiabatic 
energy maps are displayed in Figure 3. Each of the disaccharides can access a large number of 
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conformational states and therefore have high potential flexibility. The linkages with the a 
orientation are quite restricted for the rotations about the <S> torsion angle with values centered at 
about -80° for L configuration and about 80° for the D configuration as dictated by the exo- 
anomeric effect (53). Much more flexibility is exhibited by the ¥ torsion angles which can adopt 
two or three different low energy values and which can span the entire angular range within an 
energy barrier of 8 kcal/mol. The disaccharides A-B and B-C present two main energy minima, at 
0>/¥ « -80°/200 Q (I) and at <&PV « -807260° (II), separated by a very low barrier. The 
disaccharide C-D shows a global minimum at CD/VP « -807140° (I) and a secondary minimum at 
<S>nf * -95780° (II). The disaccharide E-B has its global minimum at &W * 80°/200° (I) and a 
secondary minimum at <t>P¥ « 957280° (II). The only glycosidic linkage with p anomerie, D-A, 
is not as strictly limited as for the O angle but nevertheless presents the same main energy 
minima as A-B and B-C. 

(Figure 3) 

The conformational behavior of the four pentasaccharides 1, 2, 3 and 4 has been fully 
investigated with the CICADA algorithm (21) interfaced with MM3 force field, starting from the 
geometries of energy minima of each glycosidic linkage. After about 10,000 energy 
minimizations, the CICADA calculations led to a total of about 3000 or 4000 energy minima on 
the potential energy surface of each pentasaccharide. Since the conformational analysis was 
performed in conformational spaces having ten dimensions, it is not straightforward to describe 
the results. Projection of the calculated conformations on the energy map of each glycosidic 
linkage allows to see that the conformational space has been well explored (See supplemental 
material Figures). The complete ensemble of conformations resulting from the CICADA analysis 
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has been clustered into different conformational families within an energy window of 5 kcal/mol 
above the global minimum (See supplemental material Tables S7-8). 

The O torsion angles always display similar value for ail conformational families of all 
pentasaccharides. The occurrence of the different families depends essentially on the 4V-d and 
^d-a torsion angles. Indeed, the conformets of the major families can adopt the low energy 
conformation I or II for both C-D and D-A glycosidic linkages whereas they always adopt flic 
energy minimum conformation I for A-B, B-C and E-B glycosidic linkages. For pentasaccharide 
4, the unique difference between the lowest energy conformations of the two major 
conformational families is the Td. a torsion angle which adopts the low energy conformation I or 
II (Table 5). 

(Table 5) 

These lowest energy conformations are energetically equivalent, they belong to a very flat 
plateau which allows easy interconversions. Figure 4 gives a graphical representation of the two 
lowest energy families of pentasaccharide 4. 

(Figure 4) 

Combination of NMR and Modeling Data. Average-weighted inter-proton distances and 
heteronuclear 3 «/c,h coupling constants were calculated for the two lowest energy families, Fam. 1 
and Fam. 2 S and for the average of all families with energy-weighted population more than 1% at 
298 K to compare with the NMR data (See supplemental material Table S9-10). The analysis of 
calculated and experimental distances shows that experimental values are rather in agreement 
with conformations adopted in Fam.l for the pentasaccharide 1 and with those of Fam.2 for 
pentasaccharides 2, 3 and 4 (See supplemental material Table S9). Indeed, according to Table 3, 
the distances measured between residue A and D for pentasaccharide 4 are almost in agreement 
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with the conformations of Fam.2 in which the HVa torsion angle adopts the low energy 
conformation II. This is substantiated by the comparison of experimental and calculated V c .h 
coupling constants and particularly those of C-1 D /H-2 A atom pairs (Table 4). To sum up, NMR 
data of all pentasaccharides are in agreement with the contemners that adopt the low energy 
conformation I for the A-B, B-C, C-D and E-B glycosidic linkages and the low energy 
conformation II for the D-A glycosidic linkage. 

Immunochemical Pro perties of Oligosaccharide Fragments of Q-SP Sa, Inhibition EL1SA 
have been performed i n order to evaluate the affinity of a protective monoclonal antibody 
specific for £ flexneri Sa. lsGC20, for different frame-shifted tri-. tetra- and pentasaccharide 
fragments of O-SP 5 a, with or without residue E. The results show that residue E is essential for 
recognition. Moreover, the positio n of residues C and D in the different fragments seem to be 
also important (Table 6 \ Indeed, if a residue C is added to the trisaccharide AfElB-OMe at the 
reducing extremity, the affinity is 10- fold higher. On the other hand, the addition of residne D at 
the reducing extremity o f tetrasaccharide AfR)BC-OMe does not change the affinity. Similarly. 
the addition of residue D at the non reducing extremity of trisaccharide A(E)B-OMe improves the 
affinity whereas this does not change when adding residue C at the non reducing extremity of 
tetrasaccharide DA(E^B -OMe. Eventually. IgGC2Q shows the best affinity when residues C and 
D are placed on either side of trisaccharide AfF>B-OMe i.e. for pentasaccharide DAfE)BC-OMe. 
This latter corresponds precisel y to the pentasaccharide fragment which, according to the 
structural analysis, more closely mim ics the conformational features of the Q-SP Sa . 

(Table 6) 

Molecular Modeling of the O-SP. Possible models of O-SP Sa have been built by means of 
the POLYS program using an approximation of independent neighboring glycosidic linkages 
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(28). Different fragments composed of six repeating units were constructed using all 
combinations of the energy minima of disaccharide energy maps. Interestingly, the sole 
combination that gave a structure devoid of stcric clashes corresponds to the energy minima 
adopted by all pentasaccharide fragments i.e. energy minimum I for A-B, B-C, C-D and E-B 
glycosidic linkages and energy minimum II for D-A glycosidic linkages. This combination leads 
to a conformation that is close to a right-handed helical structure with a three-fold symmetry. 
Refinement of the helical parameters was then conducted as a function of small variations of the 
<P and V torsion angles at each glycosidic linkage around the different energy minima. Several 
three-fold right-handed regular helices, with similar overall shape, could be built using 
conformations in this particular low-energy region. Figure 5 shows two possible helical structures 
of the O-SP Sa, O-SP 5a (1) and O-SP Sa (2), characterized by the torsion angles listed in Tabic 
6. 

(FigureS) 
(Table 7) 

The two models differ mainly by the extension of the helices. The O-SP 5a (1) structure has a 
pitch of 19.4 A and a diameter of about 15 A whereas the O-SP 5a (2) structure has a pitch of 
23.2 A and a diameter of about 14 A. The O-SP 5a (1) structure presents hydrogen bonds 
between HN- D and HO-3 A that can contribute to the stabilization of the helical structure. 
Interestingly, for both models, the glucosyl residue E protudes at the helix surface and is well 
exposed to the solvent, consistent with the long T\ values measured for the carbons of these 
residues. The ability of O-SP 5a to form different helices with the same shape but different 
extensions, based on minor fluctuations in the torsion angles, was observed for other 
bacterial PSs and may be correlated to their biological properties as was hypothesized in the case 
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of Type in Group B Streptococcus CPS (GBSP III) (54). If O-SP 5a presents different 
conformations in solution, the NOE's will be averaged over all the conformation. According to 
Table 3, the inter-residue distances measured for the two possible structures are almost in 
agreement with the NMR data, demonstrating thus that the predominant solution conformation of 
O-SP 5a might be close to the regular three-fold shape of O-SP 5a. The few small differences 
observed in relation to NMR data do not permit to really discriminate between the two models. 
The role of residue glucosyl E in the helix formation was deduced from the comparison of our 
model of O-SP 5a with that of O-SP Y constructed by means of the hard-sphere e^-anomeric 
(HSEA) approach (29). The model of O-SP Y (Figure 6), which is in agreement with NMR data, 
is characterized by the * and * torsion angles given in Table 6. According to the <D W values, 
residue E seems to have an influence only upon * A . B and <F M torsion angles. Indeed, these 
angles adopt the low-energy conformation I in O-SP 5a and the low energy conformation II in 
O-SP Y. The O-SP Y model consists in a random coil compact chain. Thus, the helical shape 
found for the O-SP 5a structure is likely due to the presence of its branched residues E. 
Interestingly, analogous influence of side-chain residues has been also demonstrated for the 
GBSP HI CP whose branched sialic acids were found to exert control over the conformational 
features of the polysaccharide backbone (54). 

(Figure 6) 

Often, conformational analysis of bacterial polysaccharides are discussed in terms of the size 
and shape of antigenic determinants. In relation to vaccine development, the immunological 
function of these PSs may be looked at as the specific interaction of carbohydrate epitopes and 
antibody binding sites. Often comprising 2 to 4 sugar residues, carbohydrate epitopes may be 
compact with a relatively rigid conformation even though they pertain to a rather flexible 
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polysaccharide (55) or they may be flexible, thus allowing antibody binding to a conformation 
selected from several preferred ones. Besides, extensive analysis of the meningococcal Group B 
CP (56) and of the type IH Group B Streptococcal CPS (54) has led to the concept of 
confonnational epitope as introduced by Jennings and his co-workers, thus outlining a key 
feature in the design of functional mimics of such bacterial PS. Overall, the 3D-conformation of 
biologically active epitopes, isolated either as short oligosaccharides or mimics thereof, may not 
be identical to mat of the corresponding fragment in the native polymer, emphasizing the need for 
comparative conformational studies . 

Herein, The combination of NMR and molecular modeling analysis showed that all 
pentasaccharide fragments of the O-SP of S. flexneri 5a present rather similar confonnational 
behaviors like the native O-SP. Indeed, the pentasaccharides and O-SP Sa adopt the same low 
energy conformations. However, according to ' H and "C chemical shifts, W, coup l m g 
constants, the pentasaccharide 4, DA(E)BC-OMe, appears to mimic the conformational features 
of the O-SP 5a with high accuracy. Moreover, inhibition ELISA *n-, ,w m ^ 
monoclonal antibody IgGO.O, specific for O-SP *, djgpjayg - better M m 

Bentasaccharide as compared to the other, Thus, NMR and mn m^S^ fr '-» ~ rr - 

specific antibodies effective apajnst S ftrrnrrf 5a an „ fl m .. sed in . 

approach a &inst this r athn ^ n 

Both NMR and molecular modeiing data of O-SP 5a are consistent with a right-handed three- 
fold helical structure with the glucosyl residue E, pointing out of the helix surface. Comparison of 
this structure with a model of the O-SP of * Jlexneri Y revealed that the branched glucosyl 
residue E, which constitutes the structural specificity of O-SP Sa, is responsible for the helical 
shape of the latter. The inhibition BUS A really with ^ haride fragmsQfe afj^gg gj 
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ghpwed that residue E is essential fig recognition by antibodies. Tnt^ n g i v , acrnrMnft tn n ,„ 
models of O-SP Sa, it is ideally located for interaction w ith antibndW A na ^ ty * ^ 
previously obtained on the model bacte rium S. dvtrnte rlae tvne 1 rs7| it is 1ikelv tn hft pnr , rtf 
the epitopes recognized by protective monoclonal antibodies tar^ tin p & <l«rt S» t- 
order to confirm (test e'est mieux cela ne laisse pas presager du result*) this hypothesis, 
structural studies of the interaction of the pentasaccharide fragments of the O-SP 5a with such 
antibodies (58) are in progress in our laboratory. 
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FIGURE LEGENDS 

Figure I. Structure of the repeating unit of the O-SP of S.flexneri 5a. Residues are labelled A-E. 
Structures of the synthetic methyl glycosides representative of all possible frame-shifted 
pentasaccharides of the O-SP of S.flexneri 5a are surrounded. 

Figure 2. Anomeric region of the EXSIDE spectrum of the pentasaccharide 4 in D 2 0 at 38°. The 
Vc.h coupling constants were measured along F, (carbon) dimension with a ./-scaling factor of 1 5 
and a digital resolution of 0.3 Hz/point 

Figure 3. Adiabatic relaxed energy maps of all constituting-disaccharides of the pentasaccharides 
as a function of the O and ^ torsion angles. Energy contours have been drawn by step of 1 
kcal/mol steps, with an outer limit of 8 kcal/mol. Principal energy minima have been indicated by 
a label. 

Figure 4. Graphical representation of the two lowest energy conformation families, Fam. 1 and 
Fam. 2, of 4 determined with the CICADA method. For each family, the lowest energy 
conformation has been drawn in thick lines. The conformations with the largest difference in * 
and V torsion angles within an energy window of 5 kcal mo!" 1 are drawn in thin lines. All 
conformations were fitted using the ring atoms of residue B in order to give an idea of the global 
flexibility. 
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Figure 5. Two possible right-handed three-fold helical structures of the O-SP 5a, O-SP 5a (1) 
and O-SP 5a (2), obtained with POLYS, a) and b): Side view ; c) and d): Axial view. 

Figure 6. Models of three and four repeating units of O-SP Y and O-SP 5a respectively. The 
model of O-SP Y has been built on the basis of O and HP values of the reference 29. 
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Table 1. l H NMR chemical shifts 8 



H - atoms 










4 


O-SPSa 


0-SPY b 


H-1 A 


5.11 


5.10 


5.12 


T T 4* 

H-2 A 


A 1 ^ 

4.12 


A 11 

4.12 


/111 

4.13 


H-3a 


3.86 


3.50 


"X OA 

3.84 


TT A 

H-4 A 


3.31 


3.30 


3.31 


H-5 A 


3.oo 


J. DO 


3.0/ 


TT ^ 

H-6 A 


1.23 


1.22 


1.22 


H-1 B 


5.23 


5.20 


5.11 


H-2b 


A C 

4.25 


A f\ A 

4.24 


4.04 


H-3b 


3.99 


3.97 


3#91 


H-4b 


3.58 


3.58 


3.46 


IT f 

H-5b 


3.80 


3.76 


3.72 


H-Ob 


1.30 


1.31 


1.29 


H-l c 


4.66 


4.84 


4.84 


H-2 C 


3.97 


3.83 


3.85 


H-3 C 


3.75 


3.76 


3.74 


T T A 

H-4c 


3.54 


3.53 


3.53 


H-5c 


3.69 


3.98 


4.00 


H-6 C 


1.28 


1.21 


1.22 


H-1 D 


4.72 


4.75 


4.71 


H-2 D 


3.68 


3.80 


3.82 


H-3 d 


3.55 


3.62 


3.64 


H-4 D 


3.39 


3.46 


3.50 


H-5 D 


3.44 


3.46 


3.43 


H-6 D 


3.91 


3.92 


3.90 


H-6' D 


3.71 


3.72 


3.74 


N-Acd 


2.04 


2.04 




H-1 e 


5.07 


5.06 




H-2 B 


3.58 


3.57 




H-3 E 


3.77 . 


3.77 




H-4 E 


3.43 


3.42 




H-5 E 


3.90 


3.90 




H-6 e 


3.82 


3.81 




H-6' E 


3.76 


3.75 





a Chemical shifts measured in ppm with an accuracy of ± 0.01 ppm are 
referenced to external DSS (5{ . 0.00). Chemical shifts that present 
significant differences (£:|0.02| ppm) with those of the O-SP 5a are in 
bold. 



Data taken from reference 29. 
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Table 2. l3 C NMR data. ft ' b 



1 ¥ j 

H- atoms 








Compound 






4 




O-SP Sa c 


O-SP Y 


C-1 A 


103.6 


172.6 


103.6 


(303 ±6) 173.2 


103.7 


C-2 A 


81.2 




81.1 


(297 ± 6) 


81.4 


C-3 A 


72.6 




72.6 


(355 ±15) 


72.5 


C-4 A 


74.9 




75.1 


(358 ±17) 


75.0 


C-5 A 


71.9 




71.9 


(349 ± 16) 


71.8 


C-6 A 


19.1 




19.1 




19.4 


C-1 B 


103.2 


173.2 


103.2 


(265 ±7) J7J.J 


103.5 


C-2 B 


77.2 




77.1 


(278 ±6) 


80.8 


C-3 B 


76.1 




76.4 


(284 ±8) 


72.7 


C-4 b 


73.0 




73.2 


(284 ± 12) 


74.8 


C-5 b 


71.6 




71.7 


(303 ± 10) 


71.0 


C-6 B 


19.3 




19.3 




19.4 



C-l c 


103.4 


170 


103.8 


C-2 C 


72.4 




73.2 


C-3 C 


79.8 




79.8 


C-4 C 


74.4 




74.3 


C-5 C 


71.2 




71.6 


C-6c 


19.1 




19.1 


C-1 D 


105.0 


162.6 


104.6 


C-2 D 


58.6 




58.3 


C-3 D 


76.3 




84.1 


C-4 D 


72.6 




71.2 


C-5 D 


78.4 




78.6 


C-6 D 


63.5 




63.6 


CO D 


177.3 




176.8 


N-Acd 


24.9 




24.9 



(296 ±7) 169.9 


103.9 


(309 ±5) 


73.3 


(303 ±9) 


80.0 


(304 ±8) 


74.3 


(3 17 ±8) 


71.7 




19.1 


(328 ±9) 162.7 


104.8 


(315 ±13) 


58.3 


(320 ±15) 


84.2 


(304 ±7) 


71.8 


(322 ±7) 


78.6 




63.4 



C-1 E 


97.1 168.9 


97.3 (336 ±6) 


C-2 E 


73.7 


73.8 (366 ±9) 


C-3 E 


75.6 


75.7 (365 ±9) 


C-4 E 


72.1 


72.3 (370 ±7) 


C-5 E 


74.4 


74.4 (364 ±8) 


C-6 E 


63.2 


63.3 



0 Chemical shifts measured in ppm with an accuracy of ± 0,2 ppm are referenced 
to external DSS (8c 0.0). Pentasaccharide chemical shifts that present significant 
differences ( >|0.3| ppm) with those of the O-SP 5a are in bold. 
b Data in italic are experimental 1 */cnuh-i (in Hz ± 0,5Hz) coupling constants 
c Data in parenthesis are the ,3 C T\ values (in ms) measured for the O-SP 5a. 
d Data taken from reference 29. 
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Table 3. Inter-residue ^-'H distances (A). 

Compound 

Proton Pairs 1 2^ 





NMRdata* 


Molecular modeling 


NMRdata" 


Molecular 
modeling data 


n- i a / n- ib 




2 7/2 8/2.8 


3.1 / 3.0 


2.5 


3.0 




12/7.7. 


2.2 / 2.2 / 2.2 


2 1/21 


2.1 


2.0 




**./ / 


46/47/46 


4 7/46 


4.7 


4.7 


ri-1 A ' *l-*D 


X H 1 'X O 

J* / / OmV 


28/41 /* 1 


c / 3 5 


4.1 


3.8 


TJ 1 . / LI ^ 


A A I* 


45/4 5/4 5 


4 S / d 


4.7 


4.5 


rl- A A' n-JD 


6 


3 2/ 5.0 / 3.6 


d 


5.3 


4.7 


rl- 1 a / n~ * E 




35/35/33 


d 


3.8 


3.5 


ri-ZA' n-iB 


4 a / A R 


48/48/4 8 


c /47 


4.7 


4.9 




? 7 1 7 1 


2 2 / 2 3 / 2.3 


20/2 1 


2.1 


2.1 


H-2 A / H-2o 




45/44/44 




4.4 


4.3 


H-2 a /H-5 d 


d 


4.2/3.7/3.9 


4.1/3.8 


3.7 


3.6 


H-2 a /H-1e 


4.0 / d 


4.1 / 4.0/ 4.1 


4.1/4.1 


4.2 


4.3 


H-4 A /H-1 D 


4.2/4.3 


4.7/4.8/4.8 


4.2/4.3 


4.0 


43 


H-4 a /N-Acd 


3.4/3.6 


5.3/3.4/3.8 


3.4/3.3 


3.1 


3.9 


H-5 A /H-l n 


2.4/2.5 


3.0 / 3.0 / 2.9 


2.4/2.6 


3.2 


2.7 


H-5 A /H-2 B 


4.3/4.4 


4.3 / 4.3 / 4.3 


4.6/4.3 


4.3 


4.1 


H-6 a /H-1b 


3.4/3.4 


3.5/3.6/3.6 


3.5 / 3.1 


3.8 


3.2 


H-6 a /N-Acd 


c 


8.3 / 5.5 / 6.2 




5.5 


6.2 


H-1 B /H-2 C 


d 


2.7 / 2.7 / 2.8 


3.4/2.9 


3.0 


2.9 


H-1 B /H-3 C 


2.3 / 2.3 


2.2/2.2/2.2 


2.1/2.1 


2.1 


2.0 


H-l B /H-4 c 


4.3/4.2 


4.5/4.5/4.2 


4.3/4.4 


4.4 


4.4 


H-2 B /H-4 C 


4.6/4.5 


4.8/4.8/4.5 


4.6/4.8 


4.8 


4.8 


H-2b / H-Ie 


2.3 / d 


2.2/2.2/2.2 


2.3/2.4 


2.1 


2.1 


H-3 b /H-1 b 


2.5/2.5 


2.6/2.6/2.6 


2.5/2.2 


2.5 


2.5 


H-3 B /H-5 E 


33/3.2 


3.2/3.1/3.2 


3.0 / d 


3.2 


3.2 


H-6 B /H-2c 


3.6/3.5 


3.9 / 3.9 / 3.9 


3.2/3.1 


3.3 


3.4 



a The two values correspond to the distances calculated from ROE and NOE volumes 
respectively. The errors on distance values are ~ 10%. 

b The three values correspond to the averaged-weighted distances calculated for the family Fam. 
1, for the fomily Fam. 2 and for the average of all families respectively. Distances permitting to 
discriminate between Fam. I, Fam. 2 and the average of all families are in bold. 
c Distance not determined, probably corresponding to long distance ( ^5 A). 
d Distance not determined due to superposition of peaks, 
c NOE peak not observed. 
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Table 4. Values of 3 Jan coupling constants (Hz) for pentasaccharide 4 and the O-SP 5a. 

Compound 

Atom pairs * O-SP Sa 

NMR data a Molecular ngodeling NMR data c 



H-1 A /C-2 B 


4.3/4.1 


4.1 / 4.0/ 4.1 


4.0 


C-U/H-2 B 


3.9 / 3.9 


3.1/3.1/3.3 


4.0 


H-1 B /C-3 C 


3.6/3.9 


4.3/4.2/4.1 


4.0 


C-WH-3 C 


nd/3.7 


2.8 / 2.8 / 3.2 


3.7 


H-1 C /C-3 D 






4.4 


C-lc/H-3 D 






4.8 


H-1 D /C-2 A 


4.2/4.3 


3.9/3.5/3.6 


4.1 


C-1 d /H-2a 


5.3/5.1 


2.6/5.0/4.0 


5.2 


H-1 e /C-3 b 


2.9/3.3 


3.3 / 3.2 / 3.2 


2.9 


C-l e /H-3 B 


nd/3.3 


3.3/3.2/3.2 


3.0 



a The two values correspond to the Vc,h obtained from EXSIDE and gs-J-HMBC experiments 
respectively, with an accuracy of ± 0.3 Hz; nd : not determined* 

b The three values correspond to the weighted average J Jc t \\ coupling constants calculated for the 
family Fam. 1, for the family Fam. 2 and for all families respectively. 

c For the O-SP Sa, the Vc,h coupling constants have been obtained only with the gs-J-HMBC 
experiments. 
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Table 5. Characteristics of lowest energy conformations of the major families of the 
pentasaccharide 4. a * b 



Compound 


Families 






<&cd Wco *d.a/*d.a 




Eoo 

c 

a 


% d 


4 


Fam. 1 


270/195 


266/191 


268/186 


76/ 194 


0.00 


31.8 






(I) 


(I) 


(D 


(I) 








Fam. 2 


276 /205 


270/192 


273/262 


78 / 204 


0.34 


26.4 






(I) 


(1) 


(II) 


(I) 







3 Only the conformations having an energy-weighted population of more than 10% have been 
listed 

b The number in parenthesis indicates the energy minimum of the disaccharide energy maps. 

c Energy relative. 

d Energy-weighted population. 
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Table 6. Inhibition by synthetic oligosaccharides qf binding of monoclonal antibodies IgGC20 to 
Shigella flexneri 5a LPS. 



oligosaccharides 




rmsd 


A(E)B-OMe 


>1000 




A(E)BC-OMe 


208 


+/- 108 


A(E)BCD-OMe (2) 


389 


+/-84 


DA(E)B-OMe 


242 


+/-2S 


CDA(E)B-OMe (3) 


268 


+/- 180 


DA(E)BCOMe (4) 


39 


+/.19 


EBCDA-OMe (1) 


>1000 
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Table 7. Torsion angles (°) in two possible models of S. Jlexneri 5a O-SP obtained with POLYS 
and in the model of the O-SP of S. Jlexneri Y determined with HSEA method. 0 



Torsion angles 


O-SP 5a (1) 


O-SP 5a (2) 


O-SPY 




269/189(1) 


278 / 202 0) 


284 / 256(11) 




279 / 200(1) 


276/201 a) 


290 / 256 (II) 




274/ 140 a) 


273 / 146 (I) 


280/135(1) 




271 /261 (II) 


281/240(11) 


289/248(11) 




80 / 200 a) 


80/200(1) 





3 The number in parenthesis indicates the energy minimum of the disaccharide energy maps. 
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INVENTION MULARD L. et al.+ 



INFORMAL PATENT APPLICATION 
PROVISIONAL CLAIMS, TO BE ADDED TO THE FILED TEXT 



1) A glycopeptide comprising an immunogenic carrier compound congugated to a synthetic 
oligosaccharide derived from the O-specific polysaccharide of Shigella ffexneri selected 
among the group consisting of: 

{ABC}n 
{BCD}n 
{CDA}n 
{DAB}n 

{B(E)C}n 
«E)CD>n 

{AB(E)C}n 
{B(E)CD}n 
{(E)CDA}n 

{DAB(E)C}n 
{B(E)CDA}n 
{(E)CDAB}n 
{AB(E)CD}n 

{B(E)CDAB(E)C}n 
{DAB(E)CDAB(E)C}n 



wherein : 

A is an alphaLRhap-(1,2) residue 
B is an alphaRhap-(1,3) residue 
C is an alphaLRhap-(1,3) residue 
E is an [alphaDGlcp-<1,4)] residue 
D is a betaDGIcNacp-(1, residue 

and wherein n Is an integer comprised between 1 and 10 and preferably between 2 and 6. 



2) A glycoconjugate according to the claim 1 wherein the synthetic olygosaccharide is a 
derived Omethyl derivative. 

3) A glycoconjugate according to the claim 1 wherein the immunogenic carrier compound is 
selected among an immunogenic protein, an immunogenic peptide or a derivative thereof. 

4) A glycoconjugate according to claim 3, wherein the immunogenic carrier is the peptide 
PADRE. 

5) A glycoconjugate according to claim 3, wherein the immunogenic carrier compound is the 
Tetanus toxine. 
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6) A glycoconjugate according to anyone claims 1 to 5 wherein the oligosaccharide is directly 
coupled to the immunogenic carrier compound. 

7) A glycoconjugate according to anyone claims 1 to 5 wherein the oligosaccharide is 
coupled to the immunogenic carrier compound via an arm spacer. 

8) A glycoconjugate according to claim 7 wherein the arm spacer Is an alanine derivative. 

1<» A olycoconjugate according to the claim 1 wherein the synthetic olygosaccharide is a 
selected^ the decasaccharide and the pentasaccharide depicted 

in Figure 1 

11) Composition useful to Induce an Immune response against Shigella comprising an 
efficient amount of a glycoconjugate according to any claims 1 to 8. 



Obviously also methods to obtain the oligosaccharides, the oligosaccharide derivatives to be 
conjugated to the immunogenic carrier and the glycopeptides must be claimed. 
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a b c d 

^2Va-L-Rhap^1^2)^-^MaHl-*3)-a-L-Rhap-(l-^3)-P-D-GlcNAcp-(l- 

<lt3) 
E a-D-Glcp 




E 




BCDA-OMe 


(1) 


E 




ABCD-OMe 


(2) 


E 




CDAB-OMe 


(3) 


E 




DABC-OMe 


(4) 



Figure 1 
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(ppm) 
73- 

74- 

75- 

76- 

77- 

78- 

79- 

80- 

81- 

82- 

83- 



3B,H- 



^3 3 «/c-3C\H- 



sS ^20 s!l5 SaO sSs 5LQ0 5s 4j90 4JJ5 <*5o 4?75 4*70 

F2(ppm) 



Figure 2 
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E B 
a-D-Glo(l-3).a-L:Rha 




Figure 3 



38 



Sflex5a-NMR-IC50protocol-brevet 




ABC D 

-^2)-a-L-Rhap-(1^2)-a-L-Rha^-(l->3)-a-L-Rha/7-(l->3)-|3-D-GlcNAcp-(l 
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A B C D 

^-a-L-Rha i 7-(l-^2)-a-L-Rhap-(1^3)-a-L-Rhap-(l->3)-13-D-GlcNAcp-(l 

(lt3) 
E a-D-Glcp 



O-SPY 



O-SP 5a (2) 




Figure 6 
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/ 

j2f blurred or illegible text or drawing 

□ skewed/slanted images 

□ color or black and white photographs 

□ gray scale documents 

/Klines or marks on original document 

□ reference(s) or exhibit(s) submitted are poor quality 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



